I. C. 6840 May 1935 


DEPARTMENT OF THE INTERIOR 


UNITED STATES BUREAU OF MINES 
— Jonn W. Fincn, Director 


INFORMATION CIRCULAR 


REVIEW OF LITERATURE ON EFFECTS OF BREATHING DUSTS 


WITH SPECIAL REFERENCE TO SILICOSIS 


PART II-A 


CHAPTER 4. PREVENTION OF DUST DISEASES 
(SECTIONS 1 ANDO 2) 


BY 


D. HARRINGTON AND SARA J. DAVENPORT 


| THIS REPORT HAS SERVED YOUR PURPOSE AND IF YOU HAVE NO FURTHER NEED FOR IT, PLEASE RETURN 
TO THE BUREAU OF MINES, USING THE OFFICIAL MAILING LABEL ON THE INSIDE OF THE BACK COVER, 


» Google 


I.C. 6840 
May 1935 


ee == ae men te om | ee 2 ees: Se e+ oe a ee a - mee 
emai ie EY al - Ot See ee + 5 te Sree 6100 om 6 Ree ven com 


REVIEW Os LITERATURE ON RFEFHCTS OF DREAT AL NG DUSTS 
With SPHCI AL REFSLRNCE TO sittcosis+ 


Part Ti-&é 


‘ 2 = a ie 
Py D. Harrington and Sera J. Davenporty 
CONTENTS 


Chapter 4. Prevention of dust diseases ......c cece eee ee eee ees 
PEGE OCMC GLO ois ure Ss eh Sata ac ida arses See sarc anes canantaten Jairo ee le clk hy oo ese ewan see es 
Section 1. Principal dust factors producing pulmonary pathology ...... 

DEER CEwOUS ese ctlee a Ale Gina nl usncd goed beable he ase BAe B-SIDE B Riles 
Chemical properties of silica ........... 0. cece ce ee eens 
Occurrence: Of 8111Ca in: Matar’: éicccda webs kha ee ee OSE 
Industrial Uses. Of 61 l1Ca..¢.cadayudwes aww dc cacte ee ete wae Skee Oe 
WOLTER seas a aie hehe ene kw ee Se Ge Ow ae eee 
EFrOPErties. OF SOTICLtO 5 cii0Gu hie eet ee Sk ee te Rew ees 
Carbon, G1Ox1G6 ThSOTy cetesiaced + cca d oo oe oe aval bene eee neta Les 
Wature- Of ‘Bi liCe: QW66: s24 sooo 4i acta kid eae eee se ciawsss 
Particle size of dangerous dust: is. csngasu Soe ei ee eu eee eee ew ow he 
Quantity of dust required to produce silicoSiB .......c.eeeeeeeeee 
Length of dust exposure necessary to cause silicosis ............. 

Section 2. Determination of dust in @ir .... cee ec teen eens 

DOS t=Sanpling MEUNOdS 14 1be basta sd ba haste dats Ceseeatotias ee petateae 
COMASUSAT LOD: 5 odie eas & 6b ee oe We ew Lae Gite heat FG tne, a RS 
BPG OTS Bceshcge de score ae uF ess ee hay Get A Ps ae eh Se awe Ee Oe SS 
MAG OIE a2 ie ard aac BG ew Seca Oaelee eore iaaae SP ee ee Se ee ee 
DOGUNCN Cau LOM> fic siicS Sowa oe oon Cer acc aio Be ew ark 6 ee ae eS 
HLCCGCrOSUALLO MeLOOCS: ack siesta etek ea ea PSS Sa oR 
ROC1LSUAnCe: 6. 246 rn ee i Bete odie eae oe ae eee eee See ae es 
Pino tea ne MevaOds:. wees oe ays Hea e ee eh aos eee 
PRY S10 1LO21Ca). 1neth0Gs suas etas tong awhes aes bene OU Sead ees 

BO LO mE setae ing oe Si eck encore ates aerate Os ile Wanted a me nat ots ane agile an gtd 


2 nee ee On ee | 8 = 2 ee. ee eee + own oe ee ene ne ED 


I 


The Bureau of “Mines will weico:ne reprinting ‘of “this information circular, 


provided the following footnote ackmowledgnent is used: "Reprinted from 


U. S. Bureau of Mines Informatiou Circular 6840." 
Chief, health and safcty branch, U. S. Bureau of Mines. 
Principal translator, U. S. Bureaa of Mines. 


{OT 105 


e380 


Google 


1.0. 6849 


This circular presents Part II-A of a review of the literature 
on the prevention of cust diseascs; it deals with the principal fact 
si actors 
producing pulmonary pathology and methods of determination of dust in ai 
air. 
Part II-B will contain data on tho engineering and nedical control of dust 


liseases. 
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CHAPTER 4. PHREVSINTICIZ OF DJSY DISEASES 


introduction 


ee ee 


As no cure is hnown for silicocis aftcr it has developed, prevention is 
the only effective ranedy. There are two main lines of annroacn to the 
problew of dust-disease prevention in industry - the enzineering, through 
control of dust production, and the medical, turoagh selection of workers by 
exaination; success probebly depeids upon a conbination ox the two. 


Hatch (146) considers the rollowing measures essential to a complete, 
well~balanced program of coutrol of the dust hazard in industry: 


1. Selection of workers by means of puysical examinations in 
order especially to eliminate those with tuberculosis and other dis- 
orders of the respirator; system. 


2. Reduction of the dust concentration below the standard of per- 
missible dustiness through acequate moans of dust control and good 
houselzeeping. 


5. Limiting the frequency and duration of employment in the dusty 
occupations, thus reducing the rate of deposition of dust in the lungs. 


4. Routine mcasurement of the effectiveness of the dust-control 
program by means of periodic medical exauinations and dust survcys. 


Of these reduction in dustiness is the most direct in its effect and is 
fundamental to any program of control. Hatch (146) eiphasizes, however, that 
present-day standards of safety are only estimated values and reduction in 
dust exposure below tue estimated threshold value does not give absolute 
assurance of complets control of the Giscaso. lMoreover, a potontial hazard 
always exists in basically dusty industries, and a constant guard therefore 
must be maintained. Yorlcers should be sclected by physical examination to 
insure maximum resistence azainst tre action of dust in the lungs. The en- 
ployment of workers already injured by previous dust exposure tnus would be 
largely eliminated. Koutine deteriaination oz dust concentrations provides a 
measure of opevation of the dust-control systen, but the efficacy of the 
Control prograiu must be meesurecd by periodic medical examination, since only 
by this means can the presx ice or absence of silicosis be determined. An 
inadequate control program thus can be strengthened in tine to arrest the 
Widespread development of tue diseasc. 


Section 1. ~ Prircipal Dust factors Producin; Pulmonary Pathology 

The principal factors now thought to determine whether exposure to dust 
WLLL produce pulmonary pathology are nature of the dust, particle size, quan- 
tity of the dust dispersed in the atmosphere, and longth of exposure. In 
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general, it has been neld that, other factors being equal, the narmfulness 3° 
& quartz-containing dust is in direct preportion to its quartz content. 
Anoarently, then, it is important to ascertain the exact mineralogical councz- 
tion of any dust under investigation. 


uvery mincral possesses certain characteristic proverties that senarais 
it from other minerals of similar anpearance when viewed under the polarizing 
microscopée “nese diagnostic characteristics are supposed to persist event 
tne grains of smallest size; witn patience, thererore, the percentage of tne 


various mineral constituents of 2 dust can be determined (147). 
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Silica Dust 


Free silica or quartz has beer, considered the outstanding dust facter in 
industries with excessive mortalit,; from dust diseasese Tne following susar: 
of information on the chemical properties, occurrence, and industrial uses ci 
silica is taken from A Review of Silicosis by Adelaide Ross Smith (146). 


Chemical properties of silica.- Silica has the cheiuical forrrala SiCo, 
indicating that it is a combination of the element silicon (Si) and oxyzea ‘0: 
It occurs alcue in the "frec" fora and, as such, is variously lkmovm 4s silic™. 
dioxide or "froe" silica. In combination with other elements it is :movn és 
"combined silica", but this report is concerned with free silica especially 
because in this form it causes more damige to the lings than when it is in ine 
combined state. 


Free silica (silicon dioxide) may ve either crystalline or noncrystallinc 
(amorphous) in structure. Crystalline silica, which is usually quartz, is 4 
white or colorless, extremely hard sultstance ordinarily with a snecific 
gravity of 2.66. When heated for a long time at about 1,000° C. it rorms a 
second variety lmow as "tridynite" with a specific gravity of 2033; a third 
variety, cristobalite (specific gravity 2.34), occurs when quartz is heated 
for perinds not loug enough to form tridymite. ioncrystalline (anorwnous) 
Silica occurs as a fine white powder. 


Silica assumes the vitroous, molten form more easily than any other 
mineral substance, melting to colorloss quartz glass in the oxyhydrogen blow 
pipe at atout 1,600°. ‘the coetficient of thermal expansion of quartz glass 
is very small, so that it possesses in a high degree the property of being 
able to withstand rapid cooling: withovt cracking. 


Silica is chemically inactive at ordinary taarperatures but at nign 
temperatures acts as an acid anhydride and combines with tne bases and meny 
mctallic oxides to form silicates. When soluvlo almline silicates are 
treated with acids silicic acid, an amorphous gelatinous substance, is ob- 
tained. This is soluble in water and acids and is readily dissolved by 
dilute solutions of alkali hydroxides and carbonauese 


Occurrences of silica in niture.- Sjlica is onc of the most common 
minerals. In one form or anotier it coustitutes aporoxinately 60 percent ol 


tac eartals crast and forms wiole mountain ranges in certain countricse 
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axamples of free silica in the pure crystalline form are quartz and rock 
crystal, but many other minerals whose essential composition is quartz have 
been changed in color or form hy the addition of smll amounts of other sub- 
stances, usually oxides of other elements. Many or these are used chicfly 
for ornaments and jowelry: but some, such as buhrstone and flint, have im- 
portant industrial uses as well. These quartz rocks include the following: 
Agate, aventurine, ametayst, bloodstone, brazilian pebble, buhrstone, carnel- 
aie catls-eye, chalcedony, chert, cairngorm, chrysoprase, certine, flint, 
esirstoue, hyalite, jasper, jaspilite, lydian stone, milk quartz, needlestone, 
onyx, opel, ¢lasma, phrase, rose quartz, sard, smcky quartz, and tigor's-eye. 
Common roces containing a high proportion of free silica are: Sandstone, 
essentially grains of quartz with some feldspar, mica, and other materials 
adcced, quartzite, a product of sandstone; ganister, a sedimentary rock with a 
very high percentage (about 98 percent) of free silica; granite, composed 
essentially of quartz and feldspar, containing 25 to 35 percent of free 
ae and pezmatite, a form of granites Ordinary sand is almost entirely 
QUOTA 


Amorphous (norerystalline free) silica forms opal and is associated with 
yertz ii certain otner stones, such as chert, flint, and chaleedonye It is 
represeuted chicfly by diatomaccour earth ana trinoli or rottenstone. 


Diatomaceous carth is a soft, earthy rock composed of the skeletons of 
sm1ll aquatic plants resenblias chal: in anpcarancee It can nold four times 
4 . , - pt . pas . : Lat . 
ae weight of water and is a poor conductor of heat, sounc, and electricity. 
-Tipoli is a porous rock which results from the naturel decomposition of 
SIUAStTONEe 


era 4 _ 7: ae - . 
Combined silica (silicates) occurs in almost every rock species and 
essential substance of such common materials as clay, mica, feldspar, 
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strial uses of silica.- Silica has many properties of industrial 

value, Hardness; resistance te solution (even in acid), heat (under some coadi-~ 
é om, ; ; és s ; - a oo 

tions), and temnerature changes; aud crystalline and decorative properties. 

In the amorphous form it is also valustle as a filtcring medium and noncon- 

dictore 


It is used in a variety of different forms, in the massive form both 
rougnly oroxen and cut ta different sizes and shapes; in the original condi- 
tion as peboles cr as grains; crushed to a coarscly granular form or ground 


te a fine powder. Its chief uses and corresponding forms nave been tabulated 
by Smith (148) from Ledoo as follows: 


Atrisive uses, in sccuring and polishing scans and powders —- QUALUZ , 
quartzite, Plint, chert, sandstone, sand, tripoli, and diatomaceous cartn, 
a11 in finely ground state: in sandruper - quartz, quartzite, flint, 
sandstene, and sand, coarsely ground and closely sized; in sand-blast 
WOrii = querta, quartzite, sundstone, and sand, crushed into sharp angular 
grvins uniform in size; netal buffing, burnishing, and polishing ~ ground 
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tripoli and other forms of ground silica; for sawine and polishing 
granite - snarp, clean sand graded into various sizes: as whetstones, 
grindstones, buhrstones, pulpstones, oilstones - massive sandstone 

from very fine- to moderately coarse-grainedc; tuse-iill lining — chert, 
flint, and quartzite in dense, solid blocks; lithographers! graining 
sand ~ medium to fine sand or rather coarsely ground silica and tripoli; 
tube-mill grinding pebbles — rounded flint pebblics; in tooth powders 
and paste ~ various forms of pure silica finely ground; wood polishing 
and finishing - all forms of silica ground to medium fineness. 
Refractory uses, in making silica fire brick and other refractories - 
fairly pure quartzite mow as ganister, not less than 97 percent SiCs 
nor more than 0.40 percent alkalies, tightly interlocking grains de- 
sirede Metallurgical uses, in making silicon, ferrosilicon, and silicon 
alloys of other metals, as copper - moderately pure sand, massive 
crystalline quartz, sandstone, quartzite, or chert; as a flux in smelt- 
ing basic ores ~ massive quartz and quartzite; foundry-mold wash - 
ground sandstone, quartz, and tripoli; foundry parting sand ~ fine sand 
and ground tripoli. Chemical industries, as a lining for acid towers - 
massive quartz or quartzite: as a filtering medium - massive diatomaceous 
earth and tripoli, sand, finely granular quartz or quartzite, finely _ 
ground tripoli, and other forms of silica. In the manufacture of sodium 
silicate - pure pulverized quartz sand, pure tripoli, and diatomaceous 
earth. In the manufacture of carborundu ~ pure quartz sand. Paint, as 
an inert extender — finely ground crystalline quartz, quartzite, and 
flint, also finely ground sandstone, sand, and tripoli. Mineral fillers, 
as a wood filler - finely ground crystalline quartz, quartzite, flint 
tripoli, and other types of ground silica.s In fertilizors and insecti- 
cides - finely ground crystalline quartz, quartzite, flint, tripoli, 
and other types of ground silica. Asa filler in rubber, hard~rubber 
pressed and molded goods, phonograph records ~ finely ground silica of 
all typese In road asphalt surfacing mixtures - finely ground silica 
of all typese Ceramic uses, in the pottery industry as an ingredient 
of bodies and glazes, flint, tripoli, and chert (amorphous silica pre- 
ferred), also all other forms of very pure silica, all finely ground. 
Building stone — cut granite and sandstoue. Monuments, paving blocks - 
cut granite. In the manufacture of ordinary glass - pure quartz sand; 
in the manufacture of fused-quartz chemical apparatus, as tubes, cruci~ 
bles and dishes — very oure massive quartz prefcrred. Decorative ma- 
terials, in the manufacture of goms, crystal balls, table tops, vases, 
Statues - rock crystal, amethyst, rose quartz, citrine quartz, smoxy 
quartz, chrysoprase, agate, chalcedony, opal, onyx, sardonyx, jasper. 
Insulation, heat insulation for pines, boilers, furnaces, kilns - 
MASSive and ground diatomaceous earth; sound insulation in walls, be- 
tween floors - massive and ground diatomaceous earth. Structural ma- 
terial, sand-lime brick — moderately pure, sharp, angular sand, prefer- 
ably finer than 20-mesh, together with a small percentage of finely 
pulverized silica, optical quartz, for the manufacture of lenscs and 
meceassories for optical apparatus — cloar, colorless, flawless rock 

crystal or massive crystallizod quartze 
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Sericite.— In 1926 Mavrogordato (149) remarked that - 


che increasing use of the term "silicosis" implies the recognition 
that in industry this disease is particularly related to inhalation of 
dust of free silica (Si0o); in fact it is doubtful if it occurs apart 
from free silics, or, anyhow, the intractable silicates, for cxamplc, 
soricitc. | ‘ 


The mention of sericite by Mavrogordato is interesting in connection with 
the relatively recent statement by Jones (150) that sericite, not silica, 
causes silicosise He explains the circumstances which caused him to reach this 
conclusions 


During the last 20 months I have had occasion to visit a number of 
collicrics in the anthracite district of the South Wales coal field with 
the ovject of collecting, from the former working places of underground 
employces who had contracted silicosis in the course of their employment, 
samples of rock which could be proved to come under the category of 
"silica rock" as defined in Enzlish law, for the purpose of compensation 
under the Silicosis Schemes. It should be oxplained here that, whereas 
under your (South African) mining law an employee who is certified as 
having contracted silicosis in the course of his employment in your gold 
mines, receives compensation without further legal proceedings, English 
law, on the other hand, demands proof, in the case of underground work- 
men in collieries, that the employee has been worlcing in "silica rock", 
that is, in quartz, quartzite, sandstone, gritstonc, or chert. In the 
majority of cases I was able to find samples of rock that fulfilled the 
legal definition of "silica rock", but in some, even when post-mortem cx- 
amination had revealed silicosis and where the former working places of 
the deceased were accessible, it was not nossible to find rock of the 
type included in the Silicosis Scheme. These cases, and there were sever- 
al of them, naturally aroused my interest, for they appeared to make 
clear the possibility that rocks other than those included in the 
Silicosis Scheme could give rise to dangerous dustse I decided to in- 
vestigate the matter. 


Jones (151) summarized the results of his investigation as follows: 


The result of these investigations on the mineral residues obtained 
from 29 silicotic lungs and of the examination of the rocks and mater- 
ials which gave rise to the inhaled dusts causing these cases of sili- 
cosis lead to the following conclusions: 


1. The bulk of the mineral residues obtained from every silicotic 
lung investigated by the author consists of minute fibers of the 
mineral sericite, ao hydrated silicate of aluminium and potassium morn 
also as "secondary white mica." ‘This mineral is abundantly present 
also in all the rocks and materials which gave rise to the inhaled dust, 
and it is present in these rocks and matcrial in minute fibers and 
scales of the size it is found in the residues and also in the lung 
tissue. 
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ee Silica in the uncombined state, as quartz, is also present in 
these residues as relatively coarse and fine grains; i+ occurs, hov- 
ever, in amounts sudordinate to sericite. Especially is this so with 
o the small number of quartz particles, as compared with tre 
s fibers of sericite. 


oe Cne relatively large grain of ai measuring 19 by & by 9 
microns, such as is found in residucs, is equal in volume to 800 
fibers of sericite measuring 2 by 0.5 by 0. 5 microns and contrivutes 
as much silica in the Sienna analysis of a residue as would 14,009 
fibers of scricite. This would appear to be out of al). proporticn to 
the silicotic effect of one such quartz grain in the bronchi and 
broachioles, compared with the effoct in the alveoli of Windreds of 
fibers of sericite. 


4e Silica in tne uncombined state, as quartz, is not the cnicf 
cause of silicosis in these and certain other cases. “his anpears to 
be conclusively established, it is submitted here, by the folieaine 
facts: (a) The amount of quartz and the size and form of the quartz 
grains in the sandstones occurring in the underground working places 
in the Scottish coal fields and in the South Wales coal fields are 
alikee the latter sandstones give risc to dust that has caused scores 
ot cases of silicosis, whereas no ruthenticated case of silicosis has 
veea produced in the Scottish co#l ficlds. (b) The gold—bearing quartz 
conglomerate of South Africa gives rise to dust that hos caused thou 
sunds of eczses of silicosis; the gold-bearing quartz rock of the Kolar 
golf ficla, India, contains more quirtz than the South African rock 
and yet produces dust that has cnused no case of that discasee (c) 
40 quartz-bearing rocks investisated by the author are known to have 
given rise to silicosis—-producin;; dust except those which also contain 
abundance of fibrous aggregates of sericite or oF fibrous silicate 
minerals, loosely held together and easily frecd into the atmosphere 
wnen the rock is drilled and blasted. (d) Rocks which contain a rela- 
tively small percentage of quartz (ell below the :ainimum amount in 
the rock types named in the Silicosis Schemes under English law), but 
which do contnin fibrous silicate minerals such as sericive and silli- 
manite - as, for exumple, at Broien Hillmines, New South Wales ~ pro- 
duce dust that has caused a larse mumber of silicosis casese 


Se These investigations are not concerned with the patholosical 
condition produced by the miserals in the lungs. Whether they merely 
act as mechanical irritants causing the growth of fibrous tissue, as 
advocated by some well-known authorities, or induce chemical changes, 
4S maintained by certain eminent pathologists, is a question entirely 
beyond the province of the author. His conclusions do uct militate 
against cither theory; on the coutrary, they nrovide the former school 
vita evidence of the presence in the lungs of thousands of acicular 
fibess vnat presumably could act as mechanical irritants and the latter 
scnool with evidence of the nresence of silicate minerals less stavle 
van quartz and which, because of their physical form, exvose far 
greater surtace to volume for any chemical action than do the more com- 
pact grains of quartze 
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6. Iustly, it is submitted that it is mainly the presence in the 
exploited rocks and materials of fibrous minerals, be they sericite, 
sillimanite, tremolite, etc. (or a fivrous form of free silica in chert, 
or of a fibrous rock as in pumice), in aggregates which, during the 
impact of drilling, blasting, or crushing, become freed into the atmos- 
phere as individual fibers, that enavles sufficient material in course 
of time to enter the lungs to cause silicosis. It is not suggested that 
sufficient minute particles of quartz could not, under any circumstances 
whatever, enter tne lungs to cause silicosis, although the cases hitherto 
investigated appear tos how conclusively that they have not done so; but 
it is maintained that the fibrous minerals hasten the process so very 
considerably that their presence in the exploited rocks and materials 
is of far greater importance in causing this disease than is the presence 
of quartze 


The statement by Jones that sericite rather than silica dust is the cause 
of silicosis aroused considerable discussion among those interested in the 
question. In September 1933 Jones (152) presented a paper before the Chemical, 
etallurgical, and Mining Society of South Africa in which he said: : 


I submit, therefore, that the mineral residues I obtained from sili- 
cotic lungs (and this applies to all those I have so far investigated) 
show definitely that it is not quartz, or any kind of free silica, that 
forms the bulk of these residues; and I suggest that silicosis is not 
mainly due to free silica, as has hitherto been accepted, but to silicate 
minerals occurring in the form of minute fibers loosely held together in 
the rocks so that, during handling, drilling, and blasting, they are 
readily freed into the atmosphcre and inhaled into the lungs. * * *- 


It is clear, therefore, that hithcrto no acceptable explanation has 
been given why the inhaled dust of your South Africa quartz-bearing rock 
is so extremely dangerous in its silicotic effect and why the dust of 
the Indian rock, with still more quartz, has not caused a single case of 
silicosis. The real explanation I submit, is simple: Whereas in the 
South African rock there are, between the quartz pebbles and quartz 
erains, aggregates of minute acicular fibers of sericite, hundreds of 
which fibers can be seen in microscope sections of this rock, such 
acicular fibers are absent from the Kolar quartz rock or very raree the 
quartz grains in the Kolar rock are interlocking: there is no fibrous 
mineral to be seen between the sharp boundaries of the individual grains. 
Between the quartz pebbles and the quartz grains in the "banket", acicu- 
lar crystals of sericite are very abundant; in fact, sericite ranks next 
to quartz as the most common mineral in your gold-bearing quartz con- 
glomerate. It is not suggested here that all the sericite present is 
in fibrous form; much of it is in the form of minute scales, but the 
point is that covntloss fibers of this mineral do occur throughout this 
rock. * * *. 


There is one other outstanding case which will be referred to here 
because it has features of peculiar interest; it is that of the Brokon 


Hill mines, New South Wales, Australia. Many cases of silicosis have 
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been ciagnosed amongst the Broken Hill miners where "in 8 years 169 mine 
workers were withurawn as suffering from simple silicosis" and where in 
a similar period "of 101 men classified as suffering from silicosis plus 
tuberculosis there were livinz only 15; &6 rercent had diec." The 
aimcunt of free silica in the Broxen Hill ore (and tne ore bodies, be it 
noted, are very wide) varies fro 1.62 to 17.73 nercent; and in the 
"comvry rock" it averages under 20 percent free silica.s In some of the 
mining blocks at Broken Hill, where cases of silicosis have occurred, 
taere is no rock which could ve included under any of the types of rock 
named in toe Silicosis Schemes in English lav, yet dust has been pro- 
duced tnat, as stated, has given rise to scores of cases of this dis- 
ease; that in itself is a fact full of significance. At Broken Hill, 
HNOweVEr, OCCUrS a rock known as "sillimanite gmeiss", in which the 
aluminium silicate mineral, sillimanite, occurs sometimes in large 
crystals but generally as minute fibers; in fact the alternative miner- 
alozicil name of sillimanite is "fibrolite" because it so comuonly occurs 
in fibrous forme Sericite is also abundantly present in some of the 
3roxen Will rocks.e Here tien we have rocks low in their content of fre 
silica, but contrining fibers of sericite and sillimanite, which procuce 
dangerous custse 


Attention was drawn to the low content ot frec silica in the Brorer 
“ill ore and adjacent rocks by Die Re Re Sayers in 1925 and by Drse 
Charles Badhan and W. E. George of Jew South Wales av the International 
Conrerence in 1930. It is of particular interest to note also that at 
the Conference the possibility that silicates my have played a role in 
the causation of silicosis was not entirely overlooxed although it seems 
clear from the definition accepted at the final sittings (that the dis- 
case was caused by silica in the uncomoined state) that their effecu was 
underestimted. Dre He Le Middleton pointed owt that "silicates would, 
sconcr or later, have to be studied systematically as the cause of pul- 
monary Uiscase in industry. There is abundant evidence already that 
the silicates cannot be regarded as a single group siowing a uniform 
effect on the pulmonary tissucs and producing the sane results of dis- 
ablement and death of those affected." Dre Badinm, also at tho Contfer- 
ence, stated that "he was by no means convinced that the silica was the 
wnole story of their disease. He found confirmation of that vicw in tre 
fact that where they had, as in Broken iill, 55 percent of silicates, 
most. of thom intractable, they found in the lung aftcr death intractable 

and other silicates. It was therefore reasonable to essume that sili- 
cates nad a considerable effect on the vroduction of fibrous pneumono- 
eoniosis.! 


Brief reference will now be made to the clays used in the munu- 
facture of pottery. The "clay body", consisting largely of kmolin 
(china clay) formed from the decomposition of felspar, contains fibers 
of sericite. * * *, ‘These readily become freed into the atmospnere 
from the dried clay. 


In Giscussing the above paper Irvine (153) said thet the fact that this 
very imoortant contribution to the subject had been so long delayed was a 
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forcible illustration of the sometimcs unfortunate results of the division of 
sclencé into more or less independent special professional department — the | 
division was necessary Dut apt to te to some exteit harmful, as the mineral- 
ogists, chemists, mining engineers, natnologisis, and other medical men, in 
general, know very little about encn other's businesses He then summarized 
the history of the silicosis questiou from this aspect: 


When, 30 years ago, interest was awake:.ed or re-awakened in tho 
problem of "miners!  »hthisis" by the recognition of its prevalence on 
the Rand, in Cornwall, in Ausiralia, and elsevhere, itwas looked upon 
in this country as purely an affair of gold mining on the Rand. And 
when we were told by the mireralogists and the cuemists that the Rand 
banket was composed of 80 to 90 percent of free silica and the reminder 
of silicates, pyrites, and smll quantities of other minerals, we were 
satisfied with this account, because it was at that time accepted all 
over the world that free silica was the agent wholly or mainly incrimi- 
nated. Not only so, but it was also accented that the gold mines of the 
Rand were the only significant producers of silicosis in South Africa. 
Iam not aware that any petrologist until now has ever questioned the 
free-silica hypothssis or has seriously contrituted to an exact solution 
of tne undoubted difficulties which that hypotliesis was later on found 
to presente Probably ther may say that they were not asked; if so, the 
more was the pity on both sides. In any case the free-silica tradition 
held unquestioned sway for many years all the world overe 


When Doctor Fitchford and R. Moir in 1916 published their paper on 
the mineral content of silicotic lungs they were perfectly well aware 
tnat both the banket and silicotic lunes containcd sericite.e But, 
probably under the influeuce of the silica tracition, they appear to 
have underestimated the proportion of sericite iu tne lungs, and they 
overlooked the possible pathological importance of its presenceée 


“hen there followed a middle period during which, with a more ex~ 
tensive knowledge of silicosis—producing industries, certain difficul- 
tics in the free-silica tradition became inercasingly apparent. YWhy 
was it that certain rocks which had a high free-silica content did not 
appear to produce silicosis, while others with a much lower silica con- 
tent did so? The first answer suggested to that question was that 
associated in particular with the honored name of Dr. J. 5S. Haldane, 
namely, that the apparently innocuous rocks contained other constituents 
which were in some way antidotal to the action of silica. Then there 
came further obstinate qucstionings. "Was silica after all the whole 
Story of the disease?" Was it not "reasoneble to assume that silicates 
had a considerable effect in the production of fibrous pneumonoconiosis?" 
The Australian delegatcs to the Silicosis Conference in 1920, in par- 
Sicular (and notably Doctor Badham), voiced tiis suggestion. The radio- 
€raphs of cases of silicosis from Broken Hill in Australia could be 
tatcned point by point with radiographs of Rand silicosis. Yet the 
Silica content of Broken Hill ore is decidedly low and in parts extreme- 
ly lowe M@his made one think, but, as the journalists would put it, 
Apparently we did not at the Conference think quite "furiously" enough. 
Journalists, I notice, always think "furiously." 
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And nov with Doctor Jones comes apnarently 2 third period. Ec has 
suppliea at long last anc ard for the first time an exact, direct, and 
extensive petrological attacks woon the problem, and his results appear 
to snow that we may have to turn the problem rignt rouad in order 
rightly to understand ite It is not the presence of "“anticotal" sub- 
stanecs along wita silica in the iniocuous siliceous rocks, but tho 
presence of fibrous mineral silicates such as sericite and sillimaniitc 
in the harmful rocks, whicn is, on his hypothesis, the solution of the 
puzzle, while the actual proportion of free silica present is of rela- 
tively lesser importance. <Aprrt from the very stroag direct evidence 
whicn Doctor Jones adduces, a considerable degree of prima facie sup- 
port for his view is obtained from the fact that asbestos, also a 
fibrous silicate, is know producer of a pulmonary disease analagcus to 
out not quite identical with silicosis. 


irvine was not sure whether anyone had oroved conclusively that a true 
noninfsctive silicosis had becn produced experimentally by inhalation of ow 
guartz dust, nor did he know whether sericite could rendily be separatcd 
mecuanica2lly from its admixtures with quartz and other minerals. Mavrogordi 
(154) saia that when he started working on this subject in Doctor Haldene's 
laboratory he used finely ground pure silica to produce a perfectly B00G 
silicosis in animals. He was particularly intercsted in Jones! hypotnesis 


1 h 7 4 ~ : ’ e s 7 —_ a4 ral 
Wat tne ordinary processes of rock-breaking and handling yielded only a sre. 
porporvion of quartz particles of ohthisis—-produciast size; this might accow 


~or the fact that no (Mavrogordnto) produced silicosis in animals with finely 


powdered qvartz artificially prenared. It was not sutgesied by Jones (156) 
inat surficient minute particles of quarts could nov, under any circumstanc:: 
wuatever, cnter the lungs to cause silicosis, although the cases inves igates 
‘poeared to show conclusively that they had not dons so; but it was maintoies 
vnat tuc Librous minerals hastened the process so very considerrbly tant 
their oresence in the exploited rocks and materials was of far greater 1i- 
portance in causing the diseuse than the presence of quariZe 


Mitcnell (156) questioned Jones! statement that dust from rocks that 
contained ro sericite had never caused silicosis and quoted from the litera- 
ware cases in which exposure to silica dust that contained no sericive or 
only a small amount had caused the disease. Gno industry, in wiica tue dust 
contained GA percent SiO. and only 4 percent alumina potash, had an annual 
mortality of 7.71 per 1,000 from phthisis and pulmonar FIbrocic® the ,Aver= 
tal used in this industry, Mitchcll said, apparently was of the very type 
woich Jones claimed had not caused a single authenticated case of silicosis. 
{itchell also made the following statement regarding the sxamination of ois- 
euit placors and fettlers in the pottery industry, 2s reported in the 
litoratureo: 


As far as I have been able to determine, the fettlers work wita 4 
mnixture of clays, china clay, felspar, etce, matcrinl wnich is, to a 


very great extent, made up of the hycratcd silicate of aluminiwa. 


Doctor Jones, in fact, states that in china clay fibers of seri- 
elites are muimerous and thant tnoy readily become freed into the aimosnn 
from Ccrind clay. 


ove 
El 


2882 a Oe ice 


Google 


I.C. 6840 


The biscuit vlacers, on the other hand, work with a very finely 
ground flint, that is, with material which is almost pure silica (98 
percent Sido in an extremely fino crystalline condition). 


Doctor Jones has submitted that silicate and not silica is the 
main cause of silicosis and I find it difficult to reconcile this sub~ 
mission to the fact that silicosis is very prevalent amongst the bis- 
cuit placers, who work in an atmosphere containing much less silicate 
and far more silica than the atmosphere breathed by fettlers,. 


If silicates and not silica were the main cause of silicosis, then 
why the apparent immunity of the fettlers from the disease? 


I understand that one of the silicotic lungs examined by Doctor 
Jones was that of a china biscuit placer and I presume that, in that 
case, as in all others, he found a very high percentage of silicates. 

A chemical analysis of the air in that process shows a low percentage 

of alumina and potash and a high percentage of silica. This, together 
with the fact that the material worked with is almost pure silica, 
naturally causes one to wonder as to the source of silicates he found 

in the lung. I have no doubt that Doctor Jones, in a very simple manner, 
will be able to explain the apparent anomalies to which I have referred. 


Flugge-de Smidt (157) emphasized the importance to engineers of Doctor 
Jones! discoveries as follows: 


Doctor Orenstein, in proposing a vote of thanks, did not seem to 
realize the practical importance of Doctor Jones! discoveries. Except 
in the matter of the elimination of the unfit, the medical fraternity 
cannot claim very much credit for the meduct Lou of the incidence of 
phthisis. It is the mining engineer who, mainly through increased 
ventilation, has been responsible for the betterment of our conditions 
and to the mining engineer Doctor Jones' investigations are of the 
greatest practical importance in the problems of dust determination 
and dust prevention. 


According to Ranson (158), the results of Doctor Jones' investigation on 
the causation of silicosis have clarified the anomaly of certain ore bodies 
carrying a high percentage of quartz having no apparent deleterious effect on 
the worker and a deposit with a similar quartz or silica content readily pro- 


ducing silicosis. He said: 


Doctor Jones in his investigation adonted new and original methods, 
and it has to be admitted that in advancing the theory that sericite 
crystals or fibers are the principal cause of miners! phthisis or sili- 
cosis he has put up a very convincing case. At the same time it is | 
difficult to imagine that such a phenomenon was not generally recognized, 
when one considers the renormed workers and investigators we are fortunate 
in having here who have spent many years in thoroughly examining every 
phase of the subject. 
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The presence of silicates in the Rand banket is generally well- 
known and I believe it is also recognized that the percentage tends to 
increase steadily from west to east along the reefs It has been the 
general velief that sucn dust rarticles played no part in the develop- 


ment of silicosis and that minute particles of free silica were the 
primary cause of the disease. 


The findings of Doctor Jones may not be generally and immediately 
accepted as conclusive, but they have onened w additional avenues of 
research which my lead to finality in determining the principal cause 
of miners' phthisis on the Rand. | 


Stokes (159) wondered, as did Fluggeede Smidt, whether Orenstein had beer 
adequate in his appreciation when proposing a-vote of thanks to Jones. Accora- 
ing to Orenstein, Jones had added one more stone to the structure upon whieh 
the efforts. against phthisis had been built. Stokes suggested tnat in addi- 
tion to giving them that extra stone Jones, first of all, had had to demolish 
a wood.and iron structure of scientific fallacy - the free-silica fallacy - 
which nad been accepted for 40 years. 7 


iruter (160) introduced another point of discussion! 


she sericites or free silica are, we believe, the primary cause of 
Silicosis. I have examined miners for many years and have come to the 
conclusion that besides the sericites and frce silica there are also 
other factors at play that cause the disease of silicosis» 


My reason for making this statement is: Why should two men vers 
under the same conditions underground, the one contract silicosis after 
@ years and the other not after 14 years? Whis is very difficult to 
understand, unless there are also other factors along with scricite and 
free silica that produce silicosise One man I examined worked for 29 
years widerground on the Reef, 27 years of which period he vorizced on 
machines (machine worl: is considarcd to be most productive of the dis- 
ease silicosis). ‘This man was old ane by no means fit. I would have 
liked to have been able to reconend him for compensation. I had hin 
X-rayed and re-X-rayed but could not prove that he even had the slight- 
est beginning of silico.,ise On the other hand I examincd a man who 
spent 2 years underground, left the mines, vas out of the mines for 
the following 5 years and at the end of that time had a Gefinite 
Silicosis. 


Such histories are by no means as rare as imagined. 
As I said, this is difficult to understand, unless there are ane 
other factors combined with free silica or sericite which go to — 
to establish the disease. Are these factors mechanical, physiological, 


pathological, or what? For these reasons the scientific bodies nour 
combine and try and solve the question of "prevention of silicosis. 
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Jones (152) responded that Irvine, Mavrogordato, Orenstein, Simpson, and 
trachan agreed that the great bulk of the dust found in the silicotic lungs 
of Rand miners consists of minute acicular fibers and asked: 


What are these thousands of mineral fibers that are sa conspicuous 
in the sections of silicotic lungs and in the residues obtained from 
them, when these are examined under the petrological microscope? * * *. 

’ Petrological examination of the fiters in the silicotic lungs of Rand 
_ gold miners shows clearly that they are sericite. 


With regard to Mitchell's reference to the literature, Jones (152) sug- 
gested that references to minerals by medical authorities should always be 
enecked by the examination of such minerals uncer tne petrological microscope, 
23 otherwise mistakes would be perpetuated. 


In the discussion of a similar paper presented by Jones before the Insti- 
tution of Mining and Metallurgy in London in January 1934 Haldane (115) dis- 
sented most emphatically from the conclusions dram by Jonese Haldane pointed 
out that what seemed to him to constitute perfectly clear evidence incriminat~ 
ing uncombined silica was not the natwre of the dust found in the lungs at 
ceath, but the history of prolonged exposure to dust containing a high propor- 
vion of uncombined or free silica. He found nothing to indicate that either 
the presence or absence of sericite had anything especially ts do with the 
silicosis produced by quartz, while the evidence incriminating dust with a 
nigh percentage of quartz was overwhelming. Although he had once attributed 
tne harmlessness of diluted free silica to a special quality of the diluent 
dust, Haldane said he had been converted by the experiments of Gye and Kettle - 
which indicated that the dissolved silica had positive detrimental effects — 
to the opinion that it was the action of the silica and not the absence of 
positive action of other dust that was important. He explained the presence 
of sericite in the silicotic lung as due to the fact that free silica dis-. 
solved gradually in an alkaline liquid, while natural silicates were much 
less solublee The very small particles of free silica would therefore dis~- 
‘ppear more quickly in the living lungs, leaving silicates and only relatively 
large particles of free silica, as Jones had found. The free silica if in 
sufficient concentration and in a fine enough state of division in the 
phagocytic cells went into solution in their slightly alkaline medium and in 
So doing paralyzed their activity in both removing dust and handling tubercle 
bacilli, but if sufficiently diluted with other dust of any kind it would do 
no harme At death nearly all the finely divided silica would have dissolved, 
leaving a residue of natural silicates and only relatively large particles 
of free silica. Haldane claimed that the smaller particles which had dis- 
’ppeared had done the real damage, not the large particles.e Kettle (115) 
admitted that sericite might be responsible for a great deal of industrial 
Silicosis, but he was uot very much impressed with Jones! negative evidence 
that silicosis was not contracted where sericite was not-present. It seemed 
to him to be going much too far to suggest that silica itself was incapable 
“f producing the disease; conditions in the mines or in the various factories 
tight interfere with the entrance of dust into the lungs, and the anomalous 
distribution of silicosis might depend on some such factor. He said the 
Question of the solubility of silica was of great importance; there could be 
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no doubt that a too readily soluble silica was just as incapable of producing 
lesions of silicosis as an absolutely insoluble silica. It nad been snown 
that tnese lesions could be produced by the intravenous inoculation of 
crystalline silica; also in his laboratory the intravenous inoculation of 
amorphous silica had proved incapable of producing these lesions; such evi- 
dence indicated the complexity of the whole processe In conclusion, he stetsa 
that in his opinion Jones had presented a very strong case in support of his 
view that sericite was responsible for a great deal of industrial pneumoconioci: 


According to Industrial Medicine (161), a number of opportunities to ex- 
amine sariples of dust for sericite fibers have been presented in the United 
ovatese When examined petrograrhically samples of material collected where a 
great deal of drilling was being done through siliceous rock did not snow ar. 
Avpreciable amount of sericite material, although it was definitely Imown thst 
Silicosis occurred by exposure to this type of dust. A recent report issued 
by the Commonwealth of Massachusetts (101) relative to the findings of the 
Special Industrial Disease Commission also mentioned the examination of samli: 
of different types of granite and foundry dustse Incertain petrographic ex- 
aAminations sericite was not found, in others it was found in very small quwin- 
tities, and in additional samples the amount was appreciable. Althougn no 
general conclusion was reached the petrographers believed that in industry 
sericite could be avoided more easily than quartz. 


The October 12, 1934, issue of the Colliery Guardian (162) quotes Irvine 
to the effect that "the apparent negative instances from the Mysore (Indian) 
3o0ld field and the Lonely mine in Rhodesia are neither of them convincing, 
because neither so far has been adequatcly investigated." At one time it was 
said that there was no disabling silicosis in Cripple Creek in the United 
Otates; however, according to Russell (163), silicosis undoubtedly occurred 
there, dut the miners who developed the disease left as soon as the altitude 
began to trouble them, and their deaths were recorded elsewhere. 


Early in 1934 the Mysore Government appointed a special committee, con- 
sisting of the chief medical officer of the Mining Board Kolar Gold ields, 
the locnl medical officer of the Mysore Government, and the physician of the 
Krishnarajendra Hospital, Mysore, to investigate the prevalence of silicosis 
among the miners on the Kolar gold-field area (164). The committee conducted 
& preliminary investigation and unanimously concluded that silicosis does 
occur among the underground workers but that the incidence of the disease ir 
the field is much smaller and a much longer time is required to develop signs 
and symptoms than in South Africae This difference evidently is due to the 
“act that Kolar rock contains only 5 to 20 percent of free silica, whereas 
the South African samples contain 43 to 98 percent. Under the circumstances 
-rvine, of South Africa (164), has felt it necessary to contradict the staite- 
ment that "in the Kolar gold field, India, where the rock contains a large 
amount of quartz and sericite is absent, silicosis has hitherto inexplicably 


o30n unicnown. " 
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Fronerties of sericite.- According to Jones (152), sericite, sometimes 
called "secondary white mica", is a hydrous silicate of aluminiuni and votas- 
sium containing (analysis of specially selected pure material) 46.53 percent 
SiCo, 37046 percent Alp0g, 980 percent Feo0,q, trace of Cad, 1.16 percent 
MeOy 6035 percent Fo0, O- "64 percent “aod, 6. 86 percent water above 110° C., 
and 0.39 percent water belo; 110° C. He snid that sericite is most comiion 
in recks that contain a high percentage of free silica in the form of quartz 
but is net present in all rocs tiat contain qvariz; that the dust from rocks 
that contain abundant soricite as azerergates of acicular fibers has been 
preved to cause silicosis; and tuat the dusi from rocks that contain no 
sericite or only occasioral crystals of it but which contain a very high per- 
centage of quarté - as high or higher than the rocks that had > proved dangerous - 
apearently has not caused a single authenticated case of salicosie: 


varbon dioxide ide thoory.- An articles in the Cnuadian Mining Journal for 
September 1934 callea attention to the interestiig theories and facts brought 
out in the discussion of Doctor Jones! yaner on sericite as a cause of sili- 
cosise udge's (165) theory is based on the linuie inclusions in quartz and 
ctaer minerals, a& fact kmowmm to netrologists for many years but one that has 
recoived little attention. Edge examined carefully specimens of quartz from 
ee districts where silicosis is prevalent and found that the quartz of 
se Tegions carrics liqnid inclusions, while that of areas free from sili- 
oSsis carries very little; ha therefore suggests that this fact may have some 
aring uvon the disease. The Journal discusses the mtter as follows: 


fie remarks of Mre Edge on milky quartz from the Hollinger are of 
more tuan ordinary interest. He points out that, as expected, the 
microscope revealed that the whitencss of the guartz was due to the re- 
flection. of light from imiense numbers of minute cavities, each contain- 
ing licuid and a gas bubblee In the Holliuger quartz he found that the 
munber of the visible cavities per cubic millimetre was of the order of 
1,000,000, beinz seldom less than 290 ,000, and rarely more than 3,000,900. 


He goes on to say "many of the cavities vere found to contain tro 
immiscible liquids as well as a gas bubtle, tne latter incidentally 
being kent ina perpetual state of azitation by the Brormiin movement 
of the gas molecules within it. Of the two liquids, one wos casily 
identified as liquid carbon dioxide by means of its critical temperature 
(319 C.). The other liquid avneared to be water or an aqueous solution 
of some kind." 


Naturally, with the presence of liquid carbon dioxide established, 
it vas easy for the investigator to deduce the pressure existing in these 
cavities for any particular temperature. Thus, if a piece of this quartz 
was placed in the mouth for a few moments its temperature would be raised 
to that of tne body (379 o.), which is 6° above the critical temperature 


of CO5 e 


It follow, therefore, that, with the nuartz subject to bedy tempera- 
ture, all the contained C05 could be in the eas vhase, and by referring 
to tadles of physical data, it immediately becomes obvious that the 
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pressure within the cavities is in the vicinity of 84 atmospheres, which 
is more than half a ton to the square inch» Mre Edge points out that 
"Purtucrmore, if the pressure were suddenly releasea, say by the solution 
and ultimate bursting of the walls of a cavity, the compressed COo vould 
expand almost instantaneously to about 4CO times the volume which it 
occupied within the cavity. In fact, some of the quartz specimens exan- 
ined contained between 3 and 4 times their own volume of COo if the latter 
were released to conditions of normal temperature and pressure." 


Mr. Edge found similar conditions in the quartz of the Rand. As he 
points out, quartz particles taken into the human lung can contain a srea.s 
oer of these cavities, and tnere is some interesting food for thought 
in speculating upon exactly wnat happens if these particles are disinte- 
grated and discharge their gases under pressure into the surrounding 
tissues Mr. Bdge does not advance these nossibilities very far; Dut his 
wor:c on the licuid inclusion of nilky quartz is very interesting and may 
present anotner field of investigation. 


Irv;in (166) reports the following results of investigations carried out 
at the Santins Institute (Torouto, Canada): 


Since little or no silicosis was observed in workers on the crusners 

of gold and other mines, it was subsequently suspected that the gases in 
the mine atmosphere might prove to be an important factor accelerating 
silicosis, and experiments were carried oui in which such gases as sul- 
phur dioxide and nitrous oxide were used in minute proportions. later, 
when Dr. W. Re Jones suggested that sericite and not quartz was responsi- 
ole for miners! fibrosis, it was decided that the woriers at the Banting 
Institute should perform their experiments in three groups. The effects 
were observed on animals in: (1) An atmosphere containing mine gases 
alone; (2) an atmosphere containing mine gases and quartz dust; (3) an 
atmosphere containing mine gases and scricite dust. From these experi- 
nents it seemed doubtful whether real silicosis was initiated, since no 
definite lesions were noted in the lungse 


The following conclusiois had been drawn during the investigations: 
(1) That all people aggregated a cumulative amount of silica in certain 
organs, from birth to old age, and that if a man lived to, say, 200, ne 
vould probably resemble a silicotic case; (2) that silica was fairly solu- 
ole in the body and that the organs of excretion threw off a certain 
amount; (3) that the gascs used in their animal experiments damaged the 
organs of excretion, and thus a higher amount of silica was retained by 
the animal; (4) that the mineral particles in the lung revealed by the 
microscope played little or no part in the acceleration of Silicosis, 
but that the fibrosis was caused by some forn of "easily soluble silica", 
probably introduced in extrenely minute forme 


Nature of silica dust.- Research in the field of dust inhalation appears 
to nave demonstrated that, in general, the degree of healta hazard associated 
with the inhalation of any dust, all other factors remaining constant, depends 
upon the mineral composition of the dust. Knopf (167) states that the harm- 
fulness of a quartz-containing dust usually is in direct proportion to its 
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quartz contert; therefore, in an attemnt to evaluate the harmfulness of a 
dust it is of great importance to ascertain its exact mineral Compositions. 


A long~establisned convention nas led to the reporting of chenical 
analyses of rocks and minerals in terms of certain chenical compounds 
(usually oxides) rather thar. in terms of chemical elements (167). During 
analysis the silicon is isolated in the form of silica: consequently the 
chemical analysis of an average granite, for example, is reported as contain- 
ing 70 percent of silica. About 30 percent (roughly one third) of the entire 
granite is quartz, whereas the other two thirds of the granite comprises 
chiefly complex mineral salts of Silicon-bearing acids; such minerals are 
known as silicates» ‘the remainder of the silica reported in the chemical 
analysis of granite (40 percent) is locked up in these silicate minerals, 
chiefly feldspar and mica. 


This arbitrary convention of reporting rock and mineral analyses in terms 
of oxides has necessitated the use of the expressinus "free silica" and "com- 
bined silica" to distinguish the silica that males up quartz (or the few other 
minerals that are cosmosed of silica alone) fron the silica combined with. 
otner elements in the various silicate minerals (157). In the granite cited 
tne 70 percent total silica is the sum of 30 percent free silica and 40 per- 
cent combined silica. 


According to the Industrial Health Section of the Metropolitan Life In- 
surance Coe (148), although obviously dust containing 90 percent silica is 
ncre harmful than dust containing 60 percent, it is not kmown whether the 
relative harmfulness is one of strict arithmetical proportione 


The argument whether the cause of the lung condition called silicosis is 
iue to free silica or to sericite has not been settlede With white mica dust 
‘olicard (169) produced experimentally pathological lung changes identical 
‘itn those produced under the same exnerimental conditions by inhalation of 
arlous Siliceous rock dusts, such as saridstonee He assumes that in the 
Atter case the noxious constituents are minerals of the mica family, such as 
ericite, and not the classically accepted free silicae According to this 


utnor, 
The results obtained favor Jones! sericite theory as to the causa- 


tion of pulmonary silicosis and show how fragile and uncertain is the 
pathogenic basis for the current conception of pulmonary silicosis. 


ollis (170) made the following cornmcent in his abstract of Policard's paper: 


The observations ceased 30 days after dusting, which Kettle nas 
shown to be far too early to determine the "activity" of a dust. Further, 
the special characteristic of silicosis is its tendency to encourage tho 
growth of tubercle bacilli; it is this wnich constitutes its noxious 
nature, not some microscopic reaction. Wo attention is paid to this 


mattere 
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On the other hand, LeClerk (171) reports that of 350 selected under- 
ground coal-mine workers carefully examined by physical, X-ray, and clinical 
laboratory methods 271 were negative, ZO showed discrete benign fibrosis not 
associated with occupation, 15 had lesions of noninfective pulmonary 
fibrosis undoubtedly due to anthracosilicosis but with no associated incanaci- 
tation, 16 had clinical and radiographicel signs of silicosis with slisht 
incapacitation, and 26 nad traces of infective pulmonary sclerosise In this 
group 13 were definitely silicotic; 8 had definite signs or were strongly 
suspected of having tuberculosis, and 5 had silicosis with tuberculosis. 
tuese cases developed among miners working in a coal-bearing stratum parallele: 
by strata of sandstone and schist, both of which contain free silica. The 
fibrous silicate, sericite, does not occur in this regione Of 177 samples 
ot mine dust examined 93 showed crystalline silica in varying amounts (10 to 


69 percent). 


In his report of a study of silicosis in the granite and foundry indus- 
tries of Massachusetts Pope (172) states that petrographic analysis showed 
sericite in significant amounts in the granite from only one city studied - 
#itchburg ~ where the incidence of silicosis was lowe In the granite fron 
Milford, where the incidence of silicosis was more than three tines as great, 
barely a trace of sericite was found. 


Particle size of dangerous duste- The significant part played by tne 
size of dust particles is indicated by the fact that althougn in South 
Africa visible dust has been very largely removed from the air breathed by 
the miners silicosis is still producede Pirow (173) is not convinced that 
the Rand standard of 300 particles per cubic centimeter is safes Mavrogfordats 
(174) emphasizes that all visible dust can be easily removed, leaving the 
dangerous dust: therefore size frequency is of great importancee Naturally 
the more concentrated the quantity of dust and fume in suspension in the ai- 
mosphere the greater the danger to which the workman is exposed, and unagues- 
tionably the smaller the particles the greater the likelihood of their 
entrance into the intersticese the size of particles in prolonged suspensiz: 
in the air is more likely to be wnder 5 microns than over; probably the most 
dangerous dust is that ranging from 2 microns to 0.5 micron or smaller be- 
cause these impalpable particles readily remain in suspension in the air for 
long periods of time. Tho size of fume particles ranges from 1 to 0c2 
micron in diametere In other words, it is thought that the smaller the par- 
ticles the greater the danger, although there may be a lower limiting size 
as well as a higher one; unless especially warned, employers and workien are 
prone to regard impalpable nonvisible dust as altogether harmless. Dusit rer- 
ticles under 5 microns in size readily pass through the mouth and nosc, tra- 
verse the bronchial passages, and lodge in the alveolar tissue, from which 
remote parts of the lung structure they usually cannot be dislodged by hawk 
ing or coughing. The size of the dangerous dust (supposedly 1 to 5 microns) 
is roughly that of the tubercle tacilluse Such particles are like smolze or 
vapor; they cannot be washed down by spray since they recoil from drops of 
hoisture, nor can they be conceived as exerting an abrasive action when 
roving gently within the lungs. ‘Since similarly fine particles of other duss 
.uon inhvuled are not followed by the pathological changes characteristic of 
cilicosis the conclusion (and this is now held by many, probably most, 
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authorities on the subject) is thet silica dust exerts a chenical rather than 

a physical action upon living tissues. Bardhan, Heyuer, and Brooss (175) sug- 
gested that if every individual narticle is equally dangerous in initiating 
fibrusis then the l-micron particle is the worst because it is in the majority; 
if fibrosis results fro chemical action depending on solubility of dust par- 
ticles then the 2-micron particles are the worst because this size exposes the 
largest surface; but if the quantity of dust is the most important factor tnen 
the J-micron particle is the worst since this size contributes the nost weighte 
Ig number, surface, and weight are factors then sizes of 1 to 3 microns are 

the most pernicious (these authorities apparently are at least somewhat doubt 
ful as to the underlying cause of dust harmfulness). Greenburg (176) considers 
a knowledge of the weight of dust of much value, but because it is virtually 
impossible to separate the particles less than 10 microns in size from those 
cver 10 microns to obtain the weight of the injurious particles (those capable 
of gvining access to the lung tissuc) and also because one large particle may 
weigh many hundreds of times more than a smaller one, the weight of a given 
sample of dust must be used only as an additional suide in the interpretation 
et results, and then with sone degree of caution. : 


Quantity of dust required to produce silicosis.~ According to Loriga (74), 
tne quantity of dust that will provoxe silicosis cannot be given precisely, 
since it is not the absolute quantity or quality that matters but the relative 
yaentitye One person might resist a proportion of 100 particles per cubic 
centimeter, while another would react unfavorably to 50 particles; there is 
also tue whole question of the rate of inhalatione 


According to Ballantyne (108), in Great Britain the criterion of safety 
suggested, rather than expressed, in the Workmen's Compensation Schemes goes 
o farther than the composition of the mineral substance itsclf. The composi- 
tion of the dusty atmosphere — that is, the concentration of the Side therein - 
is not mentioned; the Refractories Industries Scheme does not apply if the 
nineral contains less than 80 percent total silica. In the sandstone industry 
che Scheme ceases to apply if the sandstone is showm to contain less than 50 
sercente In the United States (108) it is customry to gage the risk by the 
vumber of particles of free silica per cubic foot of air, irrespective of the 
other constituents of the dust. In South Africa (111) the tot] number of 
1incral particles per cubic foot is taken as the basis. Certain standards, 
onosen more or less empirically from a study of particular industries, have 
ssen adopted on these lines. Ballantyne (198) thinks that international agree- 
vent on methods of estimating the munter of dust particles in the air and of 
interpreting the "counts" obtained is mach to be desired. 
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Badnam (177) states that if the average exposure on the Rand is about 1 mg 


per cubic meter the prospects of attacking the disease by reducing the amount 
of dust inhaled seem rather hopelesse © 


In South Africa, where the dust is said to contain more than &5 percent 
ree Silica as quartz, a tentative standard of 300 particles per cubic centi- 
eter of air (8.5 million particles per cubic foot) has been set (178) as the 
upper Limit of dustiness tc be regarded as allowable. 
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Investigation in certain plants of the granite-cutving industry in the 
United States (178) revealed a content of 31 to 30 percent free silica in «ne 
form of qvartze Ina study by the Fublic Health Service (178) the workers 
were divided into four grouns, depending upon the average exposure in terns 
of amount of dust in the air, with the following results: 


In group A, which included hand—pneumatic tool operators and in 
which the exposure averaged about 59 nillion particles per cubic foot 
of air, it was found that practically 100 percent developed an estab- 
lisbed silicosis within 10 years from the time of beginning employnont. 
Also, in this group the hignest rate was found for cases diagnosed on 
physical examination as having active tuberculosise * * *. 


in group B were included those workers other than hand-pneumatic 
tool operators wno were also exposed to more than the average plant 
@ustiness. Taking the group as a whole, the average dust concentration 
was nearly 45 million particles per cubic foot of air. This group 
snowed the same reflection of a dust hazard as group Ae 


In group C, consisting of those occupational groups exposed to the 
average plant dustiness (about 20 million particles per cubic fuot of 
air), silicosis developed mach more slowly than in the groups just dis- 
cussed and there appeared to be very little excess in the rate for 
tuberculosis, with no tendency for an increase according to length of 
services Analysis of occupational mortality over a period of 25 years, 
however, indicated that some of the occupations in this group may MAVe 
been exposed to a real dust hazarde 


Group D was mde up of those occupations in which the dustiness 
x 7 ri pile 
was less than that of the average plant atmosphere. The average expocurs 


for the group was less than 10 nillion particles per cubic feet of air. 


Although a certain amount of silicosis was found even in this group, 
tuere was no indication of serious results, even when the workers had 


been employed for many yoarse 


Troma the results of this study it was found practicable to suggest 
a tentative standard for the upper limit of allowable dustiness between 
10 and 20 million particles per cubic foot of air for workers eXpose 
to dus; resulting from granite cuttings The same limit would presumably 
be apnlicable in the case of other dusts with the same physical character 
istics, particularly witi a quartz content of about 35 percente 


The Industrial Commission of Wisconsin reports (179) as follows regarc- 
ing the amount of dust to be allowed in the air breatned by workers: 


She maximum silica-dust concentration considered permissible in 
the air breathed by a worlman at any voins in tne normal breathing zone 
has not been definitely established. The commission, its advisory ccn- 
mittee, employers and scientists have agreed ona tentative figure of 
15 million countable dust particles under 10 microns in longest dimen- 
sion with free-silica content of 35 percent ina cubic foot of air as 
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determined by United States Public Health Service technic. Variations 
in free-silica content will make proportional inverse cnanges in this 
standard. In the case.of practically pure silica the permissible dust 
count would be 5,250,000 countable particles. By countable particles 
is meant those particles within the range of size from 2 to 10 microns 
in the longest dimension. Dust particles larger than 10 microns in the 
longest dimension do not ordinarily reach parts of the body where they 
can nroduce injury. 


From a study made in a bituminous~coal mine the United States Public 
Health Service (180) fourd that the incidence rate of respiratory attacks in 
those exposed to heavy concentrations of dust (105 million particles per cubic 
foot of air) was 79 percent above that in the group exposed to relatively 
little dust (3 million particles per cubic foot of me and 83 percent higher 
if based on the inen employed throughout the period of the study. Tne excess 
lics in minor, upper respiratory disease. 


Tillson (181) calle attention to the factors affecting the transportation 
of dasts by the wind as vital to the problem; they are sizG, shape, and 
snecific gravity of tho dust narticles and the velocity, density, viscosity, 
adsorption, watting newer, humidity, temperature, and pressure of the trans- 
porting fluide Various ratios, such as the maximum projected area of surface 
per units of volume and mass and tho total surface area per units of volume 
and mass, are important derivatives of the particle factors. A thin flake © 
or a needle form (acicular shape) will have a slower settling rate from 2 
horizontal stream than a snherical form of the same volume and masSe 


| According to Tillson (181), the silica dust found in the lungs has a 
_maximun dimension ranging froi less than 3.5 micron to a maxisnum of about 10 
microns (or about 0.0004 inch). Some experts hold that dust less than 05 
micron in size remains susnended in the expired air and so does not lodge in 
the lungs, but Tillson doubts whether the evidence is strong enough to warrant 
such a conclusione He thins that too little attention has been given to 
the form factor of tho dust particles in the study and tabulations of dust 
counts; some observers believe that dusts in the size range 0.5 to 3-5 microns 
are the most dangerous because of two factors « percentage of surface exposed 
and percent of volume, respectively, in each intermediate size compared with 
the total surface of total volume of all sizes from 0.5 to 10 microns when 
‘their frequency ratio in the whole amount of such dust is considerede Many 
‘persons believe that dust over 5 microns in size is not particularly dangerous. 


Tillson says (181) that it is an oversight to consider the dust particles 
recovered from the lungs by post mortem as evidence of the size and nature of 
the particles that are most dangerous, because silica dissolved in the 
slightly alialine fluids of the body is thought to be responsible for abnormal 
-conditiorns of the cell structure of the lungs; therefore, the dust that has 
produced the diseaso probally his been rartly or wholly dissolved and canict 
oe recovered. Moir (182), cf South Africa, found that 13 percent of 126 dust 
particles froa 2 specimens of a silicotic lung were less than 0.5 micron, 36 
percent Jess than 1 micron, and 60 percent 1 to % microns, so that the median 
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size was Je? micronse BSloomfield (183) studied 11 different ‘kinds of aerial 
industrial dusts and found only . percent less than 0-5 micron, 21 percent 
less tain 1 micron, 71 »ercent 1 to 2 microns, and the renninder less than 5 
micronse Jadiam (184), of New Snuih Wales, found that 67 percent of the dust 
particles smaller than € microus exuained by him rere below 1.5 microns in 
maximua dimension and that only 1 in every 3,900 was 8 to 10 microns or 
Greater. vie authoritics at Sroiten Will, New South Wales, found that for 
every particle, in a count of &,500 particles in lung sections, having a 
diameter greater than 7.5 iwicrons at least 100,900 particles of a smaller 
ciameter were present; but NcCrac (185), of South Africa, found that 70 per- 
cent of the quartz particles in the ash of silicotic lungs was less tnan 1 
micron in size. Premised on tie nunber of particles of silica dust per 

cubic centimeter of air (specific gravity of silica, 2.64), Badunm (134) has 
computed that the respective amounts, depending on shane of particle, will add 
lmg of weight to 1 cubic meter of air: Tetrahedral particles (triangular 
pyranics), 490 por nilligran: spherical particles, 90 wer nilligram; and 
cubical particles, 50 per milligram. At an average figure of size-frequency 
ratio of 3 to 1 he assuzcs 100 particles ver iailligran, of which 87 percent 
by weight are smiller than 5.5 microns. He states that the size-frequency 
ratio will vary with the time allowed for settling before the sample is taken. 
In Souta Africa investigators found that 20 minutes were required for o-micron 
Yarticles to settle 6 feet in quiet air aad that 8 hours were required for a 
l-micron particle to settle the same distancee Jones (186) noted that the 
granulor silica particles settled more ranidly than the sinaller acicular 
sericite pmrticles, so that tiie percentage of silica dust in the air after 
dlastins wis almost invariably lower than in rock borings, noticeably so when 
samples were taken 35 hours after blasting. Hoe also calls attention to the 
fact taunt a lo by S— by S-nicron quartz particle taken froma lung has a 
volwae cqual to 800 sericite fibers 3 microns by 0.5 micron wide and dcep and 
that the quartz grain has 1,630 times as much silic: as the sericite fibers. 
He does tot suggest that no quartz enters the alveoli of the lungs but that 
ho hs found scores of sericitc fibers there for every grain of quartz. 


Jones (186) also states that he extracted 10 grams of dust from the lungs 
of a man who died from silicosis after 14 years! exposure. Therefore, if the 
unkmown amount of dust which the lungs ejected or dissolved is ignored, the 
accumulation amounted to 0.0024 sran (240 million particles) per day. He as- 
sunes that less than 1/400 gran (250 nillion particles) per day produces fatal 
Silicosis and states that he has lnown of other lungs in which the dust proved 
fatal with only 1/1200 gram (83,300,000 particles) per day. In the former 
Case Tillson (181) assumes from Bndhan's figures that there were only 1 nil- 
lion million particles in the lungs. The United States Public Health Service 
has recommended a dust content below 10,000,000 particles per cubic foot of 
Bir in granitework where the quartz content of the rock is 35 percent and 
affirms that 6,000,000 particles per cubic foot of air is the acceptable 
limit where sand~blasting is done with .quartz sand (90 percent or greater 
Content). If the amount of lung ventilation during violent exercise is 
accepted as 42 to 43 liters per minute according to Tillson (181) about 1.5 
Cubic feet of air per minute are apparently inspired, therefore the concen- 
tration of dust noted above would supply more silica dust in 3 to 3.25 years 
than has been found as the lethal content left in the lungs. Some writers 
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claim, horever, that only 50 percent of the inhaled dust remains trapped in 
tic lungs and nasal or resviratory passages, ine reaainder being exhaled. If 
the air in the streets o1 lower Marhattan, Mew York City, the dust count of 
which is 3e2 million per cuvic foot of air, were entirely siliceous, according 
to Tillson's calculavion avout 4 years! exnosure right supply the 10 grams 
cited by Jones, and on the basis of 5U percent climination 8 years would pro- 
vide a lothal dose. As cited by Bloomfield (183), dust counts for different 
occupations of the granite-quarrying and granite-finisning industry ranzed 
from 17 to 144 million particles per cubic foot with a quartz content of 30 
percent; in quartz-grindimg plants the counts ranged from b5 to 173 million 
particles nex cubic foot with a 99-percent quartz concent. Death, then, 
would be expected after exposure for 54 days. Evidently the human system has 
more effective ways of disnosing of such dust, considerable time is necessiry 
to nroduce the fatal toxic and pathological changes, or possibly (as Jones 
suggests) the free silica is not the iaportant dust hazard, but some other 
liincral present in minute percentages is chiefly injurious. 


Watxkins-Pitchford (187) has stated that cxperimnental observations on 
animals show that if exposure to silica dust is intense enough no individual 
will escape development of nodular pulmonary fibrosis. If the quantity of 
dust inhaled by miners has been relatively small it may be surmised that the 
processes whereby the particles are removed from the lungs generally are 
active enough to prevent that degree of accumulation of particles prerequisite 
to the development of the ordinary form of silicosis. However, he calls at- 
tention to the fact that despite the noudevelopment of silicosis in somo of 
those exposed to dust for a long period it appears that many of them neverthe- 
less arc faced with the liability to such dcveloprient. As an example, he 
states that several of the long-service miners who took part in the World War 
and who were nonsilicotic when they left their work had developed the disease 
whon they returnede He considers that this state of liability depends upon 
the continued retention in the lung tissues of tue requisite number of silica 
particles; it ceases when a certain proportion of them have escaped in the 
expectoration, have been removed by other channels, or have dissolved finally. 
The agency which converts the liability into 1 maiuifestation of the disease 
in any particular case is usually a tudercvlous infection. The state of the 
individual thus liable to develop the disease without inhaling any more 
silica dust is conveniently referred to as lateny silicosise 


Length of dust exnosure required to produce silicosis.- A significant 
point mentioned in a medical report by Sutherland and Brysor (188) on the 
incidence of silicosis in the pottery industry, published in 1926, was the 
frequency with which fibrosis of the lungs was diagnosed by medical exanina- 
tion at a period of employment earlier than that at which silicosis had deen 
found by radinlogical examination in the same occupational groupse ‘he 
report states that possibly fibrosis of tho lungs, as found clinically, 
Cavelons in a shorter time or requires a lower concentration of dust than 
silicosis discernible radiologically; therefore, in occupations where both 
conditions are found fibrosis of the lungs coiamonly precedes silicosise ‘he 
~%5e5 of silicosis in the pottery industry, grouped in the report according 
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According to tals teble, most of tuc cases in th. pottery inoust ry ic- 
velop aftcr 20 years of cmlozinent in tac aieeee Tie authors caisider it 
sivnificant that in the occupations woere the incidence of silicosisis ni: 
$c oO ese becomes cvident at an early stage in the occunational history 
(188). 


The perion of exposure required to procuce silicosis Cepends privariy 
on tue individual, according to iioore (189). In the Bercigo mines the silic: 
content of the dust is over 90 percent; on the west corst of Tasiienis, abut 
60 percent; anc in Kelzoorlic, a little above 60 percent. Moore (189) statis 
that the Bendigo statistics arc not very trustvorthy, es the miners aro lot: 
to bs examiinea, but the average nericd requircad to provwvues silicosis seuis 
to bo adout 19 vcars; in Kalyvoorlie it is nearer 16 years. Fo concludis tist 
silicosis seems to depend nretty accurately on the silica average in t 1 
country fYroci. 


Boinc (190) cites Geman cxpcricnce to sow that sand-bdlastcrs aad 
sand-zrinders have well-devcloycd silicosis sometimes after 3 years! c xmosurt; 
ee it develops after about 19 years. Koelsci. (191) observed taat 2 
caccs of severc silicosis Ceveloved after 2.5 years of uanloyuens ou sand- 
Dlastins; tee vorikers were 25 and 30 yeers oli, respectively. 


Accorsinzg to Cunningham (192), the cxposure necesver, to proaace antcr 
orisary silicosis ia Cntario zeli mines is 9 t¢ 10 years. Tne percentase ot 
free silica is eoout SO to 35. In England the anrarcnt oxposure to silica 
necessary to produce siliccsis %.s veen sanrt; widdleton (193 3) aint vone & ee 
of fatal tuberculosis with evicence that it ned been produced oy silicosis 
alter 2.5 yvcars of cxposure. 


fore investigative vork on silicosis Las beun donc in South Africa taat 
in any otner country; tuc following simary of cxperiencye in that country on 
tuis phase of the suvject is thercfore interesting (194): 


In previous reports onc has nad occasion to omp.uasize 
the fact that the data regerding the meen duration of service 
of new silicotics obviously apply only to thcse miners who do 
actually contract the discase. They cannot be takin aS a 
measure of tue “average effective life of a miner" in the 
sense that all working sainers vill on tre avernge become sil- 
icotic after some 14 years of underground worx, since they 
leave out cf account the service of the remaining riners who 
have not contracted the Giscase, and some of whom may never 
do cso. 


On tne rates of ineciccnee ot the commensavle diseases 
weick octaincd in 191’ to 1929, 50 percent of the original 
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body would have become affected by one or other of these dis- 
eases by the 13th year of work; ou tiie rates of 1920 to 1926 
the corresponding figure would havc been tie 17th year; on 
those of 1925 to 1929 the 20th year; while, from the trend of 
the figures calculated on the incidence rates obteining in 
1931 to 1932, it can be concluded ttt a corresponding position 
would not be reacnced now until between the 25th and e26tn years 
of underground work. This metnoi cf analysis affords a con- 
crete illustration of tne progressive potential advantage con- 
“ferrec by tue progressive fall in tre rates of liability to 
contract silicosis to wnicn refercnce ies repeatedly been made. 


ne effect of long exposure to granite dust is shown in the history of & 
cases cited by iicFarlané (195). In 3 ceses of simple silicosis the ages were 
54, 59, and 42, while the duration of exposure was 14 years in the first case 
and 23 in the other 2. In 5 cases of silicosis with tuberculosis the ages ‘ere 
oO, 55, 57, 59, and 63, and the years of expcsure 35, 42, 34, 38, and 50, 
respectively. 


Tn a study of sandstone-quarry woriters Heynurst and lis co-workers (196) 
found that tic stage of silicosis veried in proportion to the years of exposure 
except tuat silicosis plus tuberculosis manifested itself as early as beginning 
silicosis, tiat is, after about 15 years! exposure; tney found that few men 
suffered from silicosis under 25 years of age but that at 34 there were as many 
silicotics as nonsilicotics and agsin after 44 years of age there ere sometimes 
more sllicotics than nonsilicotics. 


In an investigation of the granite industry the United States Puolic Health 
Service (99) found that in the group of workers exvosed to the heaviest dust the 
first’ case of silicosis appeared after approximately 2 years and by 4 years all 
in this group seemed to nave developed at least an early case of silicosis. In 
the same group the first case of more developed silicosis appeared after 5 years 
of service, and by ° ycars approximately 90 percent had advanced to tais stage. 
In the group with an average exposure of less than. 10 million particles per 
cubic foot of air 2 cases of early silicosis had developed after 10 years! ex- 
posure ana 1 case of moderate silicosis after 6 years. 


In a similar study of the cement industry the Public Health Service (103) 
found that the earliest case of pneumoconiosis appearcd after 3 years! exposure 
to cement. Of 53 men selected for examination 37 had worked in the: incustry 
more than # years. Of the 37, LE showed cvidence of pneumoconiosis, and 3 of 
these also had tuberculosis; of 22 who showed no indication of pvneumoconiosis 
8 gave evidence of arrestcd tuberculosis, 4 stowed.no evidence of cither pneumo- 
coniosis or tuberculosis, and 10 were considered doubtful. 


Chapman (197) reported three cases of acute silicosis, smong the first 
Cascs in American industry, in which the apncerance of respiratory symptoms 
after 8, 21, and 29 montns of exposurc to an alkeline dust of high silica con- 
tent marked a more rapid end sevcre silicosis then usual. He states that tue 
rapidity of the process, in contrast to the usual chronic form, probably was 
due to tne accelcrated formation of silica hydrosol in the presence of an 
alkaline soap dust. MacDonald (198) described the rapidly fatal cases of 2 
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youns girls wic iad been employed 2.75 anc 4.25 years pacing a silica soap 
nowier. According to Chanman, Russell (199) saw the disecas: fully divolond 
in a lens grinder who inhalec a pure quartz spre, for 6 months. 


In descriving four cascs ot silicosis or silicosis ana tuberculosis 
"aici: Gevelonud many years after rilatively short cxnosurcs Britton and Fead 
(200) statcd that cases of tiuis Kind suzeest the nceecssity of revising thc 
conception oF tac lengti 4 Gkposure necessary to produce the disease and 
cmpilasize that once a man uas developed symptoms oo still engaged in the 
austy ae, stopping the work dous not prevent the gradual, steady pro- 
gression of the patiologic cuanses. The cases es developed symptoms 
of silicosis 23 years after an exposure of 4 montns, 10 years after an cxposun 
of 2 ycars, 14 years after an exposure of 4 years, anc 10 years after an cx- 
pene of 10 years. The following tablo taken from the Colliery Guardian (21) 

gives the number of deatus froin silicosis and silicosis with tuberculosis, 7 
anduate avoragsc age at Geath, and duration of employment reported for 1%82 
te tue Eritisi. Factory Inspection Service: 


‘ilumoer . Average ; Duration of employment, 


Industry of | ase at 4 ____years 
soa a , duatn | Longest  Siortest " Averacc 

i : i 

| i 

Pottery: | : | | 
Bo saveeeeenaecaaacd 72 | 55.6 | 57.0 , 16.0 , 89.8 
Silicosis with tuberculosis! 75 | 55.2 67.0 1 13.0 ; 57.9 

Sandstone: | | | 
DIU COSI Gi seeeeiewwssetacs ZL | 57.3 | 57.0! 20.0 ‘' 40.4 
Silicosis with tuberculosis) 39 | 52.3 | 55.0 135.0 | 34.8 

Grindinz of metals: | : 
SiliccsiGnivcciavsseiassecs! 42 1 BRB | 45.0 16.0 ; 90.¢ 
Silicosis with tuberculosis} 26 | 51.1 | 48.0 2.8 ° 30.2 

Sand-blasting: ! ! 
Si biCOSi Ss hcneaReeee es caea 7 40.7, 13.0 Ad ' 10.5 
Silicosis with tuberculosis: 16 44.2 : 20.0 , 25 ! 6.5 

Scouring-powder manufacture: | | | . | 
SilicOslsiccticssswenceeeey, “OS 3 “OO. | Alv0: . 5.25 , 7.3 
Silicosis wit. tuberculosis: a2 | 8555. {I 10.75 2.0 i 6.4 

laiscellaneous: | | | | 
Silicosisicccescscwseumere 9 | Bee | 4500 2.8 | 20.4 
Silicosis with tuberculosis: 9 | 50.9 | 34.0 11.0. -' 24.0 


The diagnosis of all these cases vas verified by post-Mortem examinatio:.. 
Zilsore (202) suows the course of six cases of pneumoconiosis develond 
after comparatively snort exposures to nulverized quartz used in a polis#ins 


powder: 
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iDust exposure, ; Onset after Life after 
Case ears |! montus exposure, months ;exposure, montns 


| 

1 70 |16 (not srind- (7) | g4 

| ins quartz) | | 
2 ; 60 | 27 (7) | 28 
3 36 | 14 14 | —sgti11 living 
40 39 ; 14 | 24 | 50 
5 Z1 } 10 | 9 | 14 
6 31 | 12 11 | 21 

| 


| 

In a study (90) of the effects of exposure to dust in coal mining the 
Public EFealth Service found an apparent relation between the occurrence of 
generalized fibrosis and length of time the workcrs had bcen employed in the 
industry. The percentage rises from 4.8 in the group with less than 5 years! 
service to 69 in the group with more than 15 years! service; even if atten- 
tion is confined to workers under 45 years of age, the percentage in the group 
wita more than 15 years! service is 66.7. 


Pancoast and Pendergrass (22) found tlat the longest period of occupation 
in a sand-pulverizing plant was 2.5 years at intervals , and the suortest wes 
said to have been only 35 days during a period of a little over 1 year before 
synptoms of lung affection appeared. 


Quaintance and Morris (203) examined 58 pottery workers in an industrial 
plant manufacturing bathroom ware, using a silica content of approximately 25 
percent. After an average exposure of 16 years 8.6 percent of these workers 
rad advanced fibrosis; 38 percent had second-stage or moderate fibrosis, and 
65.5 percent had only slight fibrosis. 


Data collected by te United States Bureau of Mines (89) at Picher, Okla., 
show that first-stage silicotics had worked underground 2 to 30 years, an 
average of 12.99 years for all men, irrespective of occupation; for facemen, 
12.34 years; and for men exposed to large amounts of dust, such as drillers, 
shovelers, and their helpers, 9.6 years. Second-stage silicotics had worked 
underground 2 to 36 years, an average of 15.8 years for all men, irrespective 
of occupation; for facemen’only, 13.3 years; and for driller®s shovelers, and 
their helpers, 12.8 years. Third-stage silicotics had worked underground 3 to 
40 years, an averege of 18 years for 211 occupations; for facemen only, 16.1 
yearss and for shovelers, drillers, and their helpers, 15.5 ycars. Tho average 
nunber of years worked before the various stares of silicosis developed is 
shown in the follewing table (92); 


First-stage silicosis ........e.0.2, piece SOA ek ieee. sbkeo 
SECONG=S tale. “S1LlICOS! Ce. curs wiesineivd.o5 5.4 6 wae SNS eeeewoe es aed 
THIiTd=stace “SLLICOELIS 6 hees ois 64-6 OSAKA ROSS ow 1d 
First-stage silicosis plus tuberculosis.......ceecseeeee 19.4 
Second-stage silicosis plus tuberculosis........ecee+-+- 18.0 
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Years 
Tuird-stage silicosis plus tuberculosis (only 2 cases).. 11.5 
Early TIPO VOC) O61 Gia ioe here ea Br sa a ns a tee eS Oer 


inoderately advanced tuberculosis. ...cccccrer ce ccrscsssee Lbee 
Advanced tuberculosis (only 1 casc).-coccccccccccccecens WoO 


Examinetion of ex-conl miners failcd to reveal any denefit fron vrevicn 
exposure to cosl dust. Of tuc 549 ex-coal miners wi.o had worked in coal iiss 
for periods ranzing from a few wecks to 52 years (averaze, 12 ycars) 167 %! 
Sllicosis in 1 of the 3 stages. Tue perioas that these coal miners worke? 2: 
Zinc and lcad mines averaged 7.7 ycars for first-stage silicotics, 9.0 vers 
ror secona-stage silicotics, and 14.9 years for third-stage silicotics 


Lochtixemper and Telexy (66) found that silicosis developed after 2 y.zts! 
work in a polishing-powder factory and in sand-blasting with tke frec blast, 
bot. occupations shoving the highest number of dust particles; in automatic 
sand-blasting rooms with only 160 dust particles per cubic centimeter siliccs 
did not devclop until after 4 or 5 years! exposurc. An early case of siliccs 
developed in the crushinz mills after 3 months! wort, stage II after 1.75 
years, and stage III after 2.75 years. Stage III silicosis developed aftirs 
and 15 years! exposure in cementworks, where the greatest number of particl:s 
Jere quartz sand; woicn the quartz dust was mixed with: clay dust stare If 
Silicosis was reacnead sooner. 


Dreessen (204), in his study of tuc effects of silicate dusts, fount 
Dulmonary Tibrosis or pneumoconiosis in all 6 workers who had becn expose? c: 
o years or morc to 1,440 million particles per cubic foot of tremolite talc. 
Or 36 workers exposed tc 52 million particles per cubic foot 10 shoved sizss 
of pneumoconiosis, l after 5 years 1 after 6 years, 2 after 9 years, 1] ex: 
after 11 and 12 years, 1 after 15 years, and 2 after 30 years or more of ex 
posure; 1 man who had worked in tale for over 40 years had second-stage pau. 
coniosis. In the group exposed to 4 million particles per cubic foot no 
definite cases of pneumoconiosis were observed. 


From a study of granite cutters in New York City Smith (205) reports: 
tie following regarding lengtu of exposure to dust and development of silicc: 


The average age in the negative group vas 30 ycars. In 
tne “increased-fibrosis", "questionable-silicosis", and "first- 
stage-s ilicosis" groups it ranzed in the vicinity. of 41 years; 

in the group showing second-stage silicosis it was 57, and in 
tna group with evidence of tuberculosis and silicosis it was 
oO years. 


Three of the men examined Lad been exposed under 5 years; 
these cases fell in the "nezative" ana patie Seals aud 
Sroups. Taeée kad been cxposed over 5C years; these cases fell 
In tne "sécond=-stage" and Teubekealowie-7it ahi leccaa: groups. 
Among the cases snowing first-stazc silicosis, more fell in the 
22> to 29-year expostre group than any other, though 2 had been 
exposed less than 10 rears. <Amon= the cases vith second-staze 
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silicosis more fell in the 40- to 59-year exposure sroup then in 
any other. <Amonz those wit:: silicosis and tuberculosis the 
majority had been exposed from 20 to 39 years. The cases show- 
ing "questionadle silicosis" were equally distributed over all 
exposure s;roups from 5 to 39 years. 


le picture given is one of a slowly developing type of 
silicosis which may suow its first stages after anywhere between 
5 and 40 years and tends to become advanced with a markea ten- 
dency to be complicated with tuberculosis after 20 years! exposure. 


The following statcment from the Colliery Guardian, August 10, 1934 
(206), gives additional data on the length of exposure required to yroduce 
Silicosis and the avera-e age at deaths 


Full particulars are available of 469 deatns from silicosis 
or silicosis with tuberculosis, in which there is no doubt as 
to the precise cause of deati:.. In the 204 deaths from silicosis 
the averase age at death was 54.3, and the averaze employment 
54.5 years (2.3-60 years), whilst in the 265 deaths from silicosis 
with tuberculosis, the averaze age at death was 52.3 and the aver- 
ase duration of emoloyment 31.5 years (27°67 years). 


The reletion of the amount of dust breathed and length of exposure to 
the development of silicosis is sium by the investizations of Bloomrield 
and Dreessen (207) in a granite quarry and by Pope (172) in the grenite and 
foundry industries. Bloomfield and Dreessen (205) found that in the quarry 
industry pathological chanzes due to cust are limited to drillers--the only 
persons creating dust. Tne Leyner drillers and plug and jackhammer drillers 
working in the auarry holes were exposed to 14.4 and 112.1 million particles 
per cubic foot. Ten drillers showed sizns of silicosis, half of those ex- 
posed & to 19 ycars had silicosis, and 4 of the 5 men exposed for more than 
©) years were affected. 


The followin,; table prepared from Pope's report (172) shows the relation 
of anount of dust breathed ard lengtn of exposure to production of silicosis 
in tae granite and foundry industries: 


i Veizthted average of 
lmedian dust counts, Percentave hevinz silicosis - 
vane eOuny Million particles | Under 10 years|'10 bo 24 years | 25 yoars or wacr 


per cubic fort 


ewe Granite Found Granite | Foundry |Granite Foundry Grer it 


| 
Group A | 32 


40.4 5.1 4.8 20.6 | 31.9 43.7) 62.8 
Group B Lt 174 4.6 4.5 12.1 | 10.8 34.3] 20.: 
Group ¢ 5 8.9 7 6.0 5.6 | 11.1 25.9 6.0 
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Section ¢ 2. 7 - Determination of Dust in Air 


Tse recognition of inhaled dust as the main factor in the production of 
nublaonary diseese among miners drew attention to the quantitative aspects of 
tne problem and the importance, as retards health, of determining the amount, 
weignt, and particle-size frequency of the cust in air breathed by workers 
in various incustries--esnecially those known as "dusty." Determination of cz 
also is becoming increasingly si-nificant economically as evidence of the ex- 
tent of tne aust hazard invoived in various dusty processes and as a measure 
oi the efficiency of protective devices introduced to mitigate the hazard. 


Determination of the dust content of the air by any of tle more generally 
used metnods entails the two processes of sampling and measuriny the quantity 
of dust in the sample. Mavrogordato (208) classcd the methods according to 
the nature of the sampling process--whnetner by precipitation (tue onimetric 
or optical method) or by filtration (the sugar-tube or gravimetric method). 
Green (20%) refers to two main types of methods used for sampling dusts: 1) 
uwetiois by waich bulk samples of the dust are extracted from the air for weiz 
ing and cuemical anclysis, for exanple, the sugar-tube method; and (2) metioce 
by wnicn duscs are collectcd in a state suitable for microscopic examination, 
for exauple, the konimeter. After the sample has been collected the particle: 
are counted, and/or the mass is weighed (209). 


The ideal instrument (176) must be capable of efficiently sampling tne 
dusty atmospiere with particular reference to particles ranying from 0.5 micrc. 
to 10 microns, aud it should be possible, once tiis samnle is obtained, to 
count tue nunber of such sniall particles present; from the hysienic viewpoint 
tue count is tie test index of the extent of atmospi:cric pollution. Deterniz 
tion of tue weight of the dust would also be valusbdle; but because it is 
virtually impossible to senarate the particles wider 10 microns in size fro: 
those over 10 microns and thus obtain tle weight of the injurious particles 
(those capable of gaining eccess to lun« tissue) and because one large partic! 
may weizh meny iundreds of times more tren a smaller one, the weigrt of a giv. 
Sample of dust shoulaG be used only ws an adcitional aiiee in the interpretail: 
of results, and then witl some decree of caution. 


The rense in dust concentration over which determinations missht be re- 
quired is very great. Some atmospheres (tuose prevailins outdoors after raein- 
storms) contain very smull quantities of dust, wheress the air of mines or 
abrasive factories often is highly pollutea; therefore, the instrument must ?- 
Capable of sampling botiu high and low dust concentrations with equal efficier: 
an exactin;; requirement, as it means that the dust-collecting medium (whether 
Water, sugar, or an adhesive) must not acd greatly to the dust of the sampleé 
air. Tuie "control" or "blank" of the instrument must be low, and it must be 
anifor; in dust content; in otner words, a sample of tne collecting medium 
met be so uniform trat the analysis of a representative sample gives a trie 
picture of the dust content of s11 of it used ina Ziven series of tests. 


As the dust concentration of air is changing continually, the instrurert 
mast be capable of sampling larze quantities of air (176) to obtain a tme 
picture of the conaition. Once tie sample has bern obtained, the anelysis 
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should be as simple and rapid as nossivle; tre more time-consuming end complex 
ine method of analjysis the lower its value. In many mines of tc United States 
no electric power is available, en. <n instrument used for mine-daust sampling 
must be hand-driven; tle instrument must be lightinveizsht anc portable and of 

a size to permit introduction into e workin? place wituout interferins witr the 
vorxers! movements. 


To summarize, tie final choice cf en instrument for sampling dust depenus 
ou its efficiency, its small errors in analysis, its portability end weizgut, and 
on tne difficulty or ease with whic:: the samlcs obtained may be analyzed. Tie 
instrument or method snoulr. also be able to eliminate, es far as possible, 
variations or errors due to tie "human equationtt--a difficult requirement. 


Dust-Semplin;, Methocs 


In general, dust-sempling methous can be grouned according to the pnysicel 
principle utilized by tke sampling instrument (176). This cannot be am Oxact 
classification because some instruments involve tlie use of more than one physi- 
cal principle. The chief methods used for smpling aerial dust are: Condense- 
tion, filtration, washing, sedimentation, electrostatic, resistance, and imping- 
ing. Greenburg (176) gives the following historical surmary of the various 
methods. 


Condensation 


In 1875 Coulier (210) showcd thet dust in air could be mace visible by re- 
ducing the pressure within the containing vessel, causing tne moisture in the 
air of the vessel to condense on the dust perticles. He further showed that 
condensation might be prevented by filtration of the air through a layer of 
cotton wool. This principle kas siuce been utilized by various investizators. 


Aitken koniscope,--The Aitken koniscope, described by John Aitken in 1889 
(211), consists of a metal tube and suction pump placed at right anazles and 
joined by a connecting post. The metal tubc, lincd with hygroscopic materiel, 
is provided with a window at ceciu end and a stopcock at the end distal to tie 
point at wnich tre pump is attached. 


In operation tue tube is held horizontally and the pump vertically, tne 
ooserver looking through the window in tke tube at the point of attachment 
vith the pump. Air is drawn into the anparatus by means of the pumo, and tire 
stopcock is tnen closed. he air, more or less saturated wit: moisture from 
the hygroscopic material in tie tube, is rareficd by depressing the pump once 
again. The dew point is thus lowcred, with the formation of a fog or cloud 
due to condensation of the moisture on the dust present. The density of tue 
cloud or fog is then compared with suitable standards and a qualitetive cs- 
timate of the air dustiness established. 


Aitken dust counter.--An improvement on the koniscope was devised by 
Aitken (212); this essentially mskes use of the same principle as the koniscopr, 


bit an attempt is made to count tne number of particles in the air. In its 
Sarlier form tue instrunent was large and nonportable. It consisted of a re- 
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Celver, an air pumn, an air-measuring devicc, an illuminometer, and a zaso- 
meter. Tus air vas dravm into the receiver by the sasomcter. as it cntcrea 
the receiver it vas incusured end mixed with a xnowm quentity of Gist-frce sir, 
saturated wits watcr, and then rarefied oy the sump. Tho rain, produced by 
condensation of water on tic dust present, fellon thc ruled, polisned silver 
slate teat formed the bottom of the reeciver. The number of droplots on the 
countins platc multiplicd by tus proper factors for the amount of air saanlcc 
and tne dilution vith dust-free air gave a count of the number of particles 
present in tric original semple. In adition to the disalventaze of bein: ver 
large and nonnortadle menipulation is retier intricate aud liable to larzc 
cxpcrimentel and personal error. 


Mocified form of Aitken dust counter.--The modificd Aitken dust counter, 
devised to ovcrcome some of tie dravbacks of the carlicr instrument, consisis 
ol a nollov Dox wits a rulcd glass bottom and a plain glass top and is susjert 
on tvo cylinacrs waich oncn into it (213). One of tie cylinders forms an eir 
puny anc centeins the piston; the other cylinder is provided vith thrce tans 
(stopeocks), the bores of trhich arc of lmown volume. A plug of cotton ool 
is nlaccad in the cylinder below the threc tans, and the lover end of tte 
cylindsr is perforatcd so that air may cntcr. A mirror is supnortec bencet. 
se recciver, and above it is a maznifyins; lens. Strins of damp dlottin: 
PMY Vituin tie reecciver saturate the eir with moisture. By drawing cown tc 
iston wher. tic stoncocks communicate witu tic cotton-7001 chamber filtercd 
ir is dram into the receiver. Onc of tne taps (depending on the dustincss 
of tne air to be sampled) is then turncd at right engles to communicate vit. 
Sic outside air; it is then turned baci: asin and the piston dravin down, 
Drinzing the sample of dusty air properly diluted vita dust-free air into t...: 
receiver, wnert the dust is precipitetid with tic moisture in droplcts on t.:: 
ruled lass plate and tre drops counted. Multiplicetion of the count by ap- 
propriate factors, as thc volume of air sampled, gives a final figure for tic 
nunber of particles of cust present in the original sample. This instruncnt 
is portable, being arrange on a tripod for field use. It has the disadvant: .. 
that tae amount of air samplec is very small, and the opportunities for pcr- 
sonal and experimental error arc many. The most scrious dravbaci: is that ell 
particlcs of dust receiv: cqual siznificancc, irrespective of size, since 
this method takes account of particles cf ultramicrcscopic size. 


Fill diffrectoscone.-~The Hill diffractoscope (214) is essentially the 
Same as the Aitken koniscope. The results are only qualitative, givins a 
rouzgn estimete of the dust present by observation of the intensity of a bcam 
of "a directed into the window of the rarefied air chamber (Tyndsll ef- 
feet). 


Jet dust-countin~ apnaratus.--An adaptetion of the principle of conden- 
sation is utilized in Ovens! device (215), which he describes as follo’7s: 


A high-velocity jet of air is caused to strilze a microsconc 
cover glass; the effect of this hiss velocity is to bring about 
e fall or pressure in the jet, accommenying which, and resulting 
from it, is a corresponding fall of temperature. This in turn 
Causes a condensetion of the moisture in the air upon the dust 
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particles, wick are thus project.d vet acninst the cever glass, 
and, as the watcr cvaeporstes, are left dSelind adnering to tre 
“les S ° 


gn 


In this apparatus the air is inoistcned by beins pussed through a chamber 
lined with moist blottins nepcr end is then drevm at High velocity througn a 
slot about 1 cm long and o.l mn vide. After nassing through this slot tne 
air loses heat, and the moisture preseiut condenses on the dust narticles left 
on the microscope coverslin, forming tnc top of the cells. The coverslip is 
then placed under tle iicroscope, and tre particles are counted. 


In his summary of the value from the vicvpoint of industrial hygicne of 
the instruments dcsigned to utilize the principle of condensation of moisture 
on dust particles Greenburg (176) states that those which permit a qualitative 
estimatc only of the quantity cf dust prescnt have Little practical value; 
those wnica permit the particles to be counted give results of limited sis- 
nificance because of errors in sampliny and analysis and because of tue dif- 
ficulty of interpreting tne counts, owing to thy grouping cf particles of 
ultramicroscopic size (which co not so far as is known constitute a healt 
hazard) with those of a siznificant size from the negienic viewpoint. The 
Owens apparatus yields hizh counts in normal indoor air; in very dusty at- 
mosphere, however, the rivoon of dust on the microscope coverslip is so dense 
tuat counting the perticles, even at high magnification, is difficult and 
often impossible. 


Fehnel (216) mentions the follovinz objections to the Ovens jet dust 
counter: 


1. The volume of sample, to be a fair, represontative averaze, snould 
be taken over a period of time because, except in a very fcw instances, tne 
seneration of dust is an intermittent process and is not constant. 


2. The ribbon in tne Cvens jet counter seimlc does not have definite 
boundaries, and therefore countin;; tic particies in e representative average 
band or integral part of tre whole ribbon is very difficult. 


3. The rate and efficiency of sempling with tne Ovens jet dust countcr 
depend upon how rapidly the ovcrator actustes th. plunger. Also tne Vashers 
are troublesome, and it is difficult to maintein the piston frec of leakage. 


4. It bes becn cemonstrated thet the Owens instrumcnt is selective, 
sampling only particles of 6 inicrons snd urder. 


Filtration 


The principle of filtration has been applicd to dust sempling in sucn 
various forms that only a few of these methods (176) necd to be mentioned. 
In general, the air is filtered throusn cotton wool, cloth, parer, or a sol- 
uble chemical compound and the analysis made cither by comparison with quali- 
tative standards, by weigning, by counting the dust rarticles, and in some 
cases by both weighing and counting the dust. 
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Cotton-vool method.--This method has been used by Arens, Cohen, Earcour.. 
Duckerinz, Cohen anc. Ruston, and Ditman (176). It yields only the weisnt of 
the dust in the air, and altuough it is a very valuable method for the esti- 
ation of toxic dusts (lead or arsenic) it is of limited value in determining 
tue potentiality of a dust as a producer of pneumoconiosis. 


Clot: method.--Tnhis involves the principle of filtration but utilizes 
cloth instead of cotton wool. Stacy (217) used cheeseclotn squares, waich 
were weizgned before and after the dust was sampled; the difference was con 
sidered the weight of the dust caught. dill (218) used weighed cloth filter 
bass placed in a conical metal holder and connected to an anemometer for 
measurins the volune of uir sannled. The difference in weight before and 
after sampling was considered to represent the amount of dust in the quantity 
of air filtered. This metnod was cumbersome and inaccurate and required tov 
much time for a single determination. An apparatus similar in principle is 
known as the American automatic dust filter (219); the air is filtered throw. 
e serics of four or more spccially woven cloth bays in a closed cabinet. Tne 
difference in tie weight of bags before and after passage of the air is taxen 
as the weight of the dust in the volume of air passed throuch the instrument. 
The deficicncies of this instrument are similar to thoso of the Hill bag metas. 
previously described. The Carrier dry-filter apparatus (229) attempts to keen 
the filter bogs dry durinz the sampling pericd by heatins the air with an 
electric heatin; unit before it passes into the filtration bags. Because of 
the high temperature involved Todd (221) utilized disks of Canton flannel, 
hela in a svecial device. ‘The air was filtered through the cloth, whicn re- 
tained the dust; the disi then was compared with a series of stundard disks 
ranging from 1° to 10% of a rather arbitrary scale. With some of these. metiois 
it is vossible to sraduate or clessify roughly various atmospheres in grouns 
based on the amount of dust present; but even then Greenburg says (176) 
serious error from the hygienic standpoint is involved, for an atiosphere of 
weny sdall particles (small enouvgn to gain access to the lung tisstve and 
lience injurious) may give a lower scale reading than an atinosphere containin= 
a smaller number of particles of relatively less uaysienic significance. 


The Gooch crucible (175) has been used with some success; this apparatus 
usually is an ordinary porcclain or platinum Gooch crucivle, the bottom of 
Wnieh is covered with eo mat of shredded, acid-treated asbestos. The cruciolc 
is dried and weighed carefully, placed in a suitable holding device, and a 
lmown quantity of air drawn over it, after which it is again dried and weighe:. 
The difference in weight is taken to represent the weight of the dust in the 
quantity of air sampled. The filtration surface is small, and if the mat is 
thick enough to retain the greater portion of the dust the resistance to air 
flow is very high, and therefore only a small quantity of air can be sampled. 


filter paper.--To overcome the objections to cloth filters and the Gooc: 
crucivle recourse has been had to filter paper for sampling dust. One of the 
Carliest methods for the determination of dust by a filtration process vas 
that of Rubner (176); a holder in which was placed a piece of filter paper 
was connected by suitable tubing to a watcr-jet pump. The volune of air 
draim through tue paper was measured by a gas meter in serics with the pun 
and paper nolder. The dust vas estimated by comparing the filter paper with 
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e standard scale. YTilter paper has been vsed by Sargent (222), Moller ‘223), 
Fubendick (224), Johannsen (225), and Nesbitt (226). This metnod was used in 
Great Britain in studies conducted by the Advisory Committee on Atmospheric 
Pollution in 1916-17. An automatic anparatus was ouilt by which 3 or 4 
samples were taicen eacn hour. 


Paper thimbles.--Filter-paper thimbles have been used successfully in a 
number of dust investigations (175). The anparatus consists of a filter-paper 
tuimble (similar to a Soxhlet thimble) and its holding device, by which the 
air Ts drawn through the thimble, and a meter for measuring the air. The 
thimble is dried in an oven and weighed before and after filtration, the dif~ 
ference in weight being taien as the amount of dust in the air sampled. Various 
grades of filter paper may range in efficiency from 63 to 90 percent when 
tested optically, using tobacco suwoke as the test dust. The chief drawback 
from the hygienic viewpoint is that particles cannot be counted by the use 
of filter paper or filter-paper thimbles. Moreover, the utmost caution must 
be exercised in drying and handling tue filter paper to avoid absorption of 
moisture and resulting errors in weizhinz. In an coffort to overcome these 
objections many workers (179) have used another type of filtration method in 
which the air is filtered through a soluble chemical compound. After being 
sampled the substance is dissolved, ard the amount of dust is determined both 
by weigat and by count or by comparison with a scale of standards. 


By Hahn's method (227) air is dram through a filter of collodion wool 
and the quantity measured by piston displacement. After a suitable amount 
of air has been sampled the collodion is dissolved in ether, and the solution 
is then compared witn a series of arbitrary standards. - 


The most successful method of this type, one utilizing granulated sugar 
to filter dust, was first employed by Frankland (228) and later by various 
others, including the Miners' Phthisis Prevention Comaittee of South Africa 
(p29), Higgins, Lanza, Laney, and Rice (230), and Fieldner, Katz. and Long- 
follow (231). This method employs a sampling tube, in which a weighed amount 
(100 grams in the later ty es) of clean granulated sugar is placed. The dusty 
air is drawn through the tube by a pump or other suitable device. After a 
sufficient quantity of air has been sampled (usually 15 cubic feet) tne sugar 
tube is taken to the laboratory for analysis: The sugar is dissolved in hot 
water, and count and weight determinations are made on the dust present. 


Fieldner and his coworkers (201) found the efficiency of the sugar tube 
to be approximately 55 percent when it was tested optically with tobacco 
smoke and about 87 percent when tested gravimetrically with silica dust. These 
results would indicate relatively high filtering efficiency. Both weight and 
count of the number of insoluble and noncombustible dust particles present in 
a given atmosphere are ovtained by tnois method. It has the disadvantage that 
a large and variable quantity of dust is present originally in all samples of 
sugar; it therefore cannot be used effectively for sampling either soluble or 
inflammable (comoustible) dust. | | 


Washing 


Washing methods have been applied to the sampling of insoluble dust with 
mach success (176). These methods, in general, bubble the dust-laden air 
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through water to the dust and bring it into suspension. The amount of dust 
present may be estimated by weight and count. 


Palmer dust_apparatus.--This apparatus was devised in 1916 (232). It is 
@ pear snaped glass bulb, at the base of which is a water trap so arranged 
that the air is drawn through the trap (preferably at a rate of 4 or 5 
c. f. m.) and breaks the water into spray which washes the dust from tho air. 
After a suitable quantity of air has been sampled, depending on its dustiness, 
tne water is drained from tho trap and taken to the laboratory for analysis. 
37 this method both weight and count detcrminations may be made of some kinds 
of dust. 


Variations of the washing methods have been devised by Meyer (233), Read 
(176), and Drinker (234). The main difficulty with washing methods, ac- 
cording to Greenburg (176), lies in the inability to wet very small particles 
of dust in the brief interval requisite to sampling large volumes of air. 
One obvious advantage of this method over the sugar-tube method is that the 
water usec, if properly distilled, contains little or no dust, while the 
sugar in the sugar tube method, no matter how carefully prepared, always con- 
tains a large and variable quantity of solids. 


Scdimentation. 


In 1879 Miquel (235) described a method of collecting dust by allovving 
it to settle on plates. ‘The particles were counted undor a microscope. In 
1830 Tissandicr (236) substituted shects of paper 2 meters square for tho glass 
of liiquel. Tho paper was supported horizontally, and after a suitable time thc 
dust was collectcd by a small brush and examined under the microscope. In 
1902 Irwin (237) estimated the dust in Manchestor eir by collecting a volume 
of snow 100 square inches in area and 1 inch in depth. The snow was melted 
and filtered end the residue dried and woighed. Liofman (238) utilized tio 
Oil-coated disks on a revolving vertical shaft, one supported horizontally 
and the other vertically. A vane keeps the vertical disk facing the wind; 
this disk collects some dust by impaction, while the horizontal disk collects 
the dust deposited by sedimentation. The dust laden oil is removed from the 
plates by etner, and after evaporation the dust is again suspended in 5 ce of 
oil. The final suspension is compared with a series of standards made by mixin 
Various quantities of soot and oil. This method allows only a rough quanti- 
tative estimate of the dust present in the atmosphere. 


Des Yoeuz and Owens (239) used an enameled iron vessel 2 square feet in 
urea arranged somewhat like a large funnel. The dust was washed down into a 
dottle beneath the funnel by rain. The Advisory Cozmittee on Atmospheric 
Pollution of the Micteorological Office of Great Britain also used this mcthod. 
4111 (218) used porcelain evaporating dishes; Mitchell (240), rectangular 
glass plates coated with vaseline and placed on poles 25 or 3O feet above the 
street levol; and Whipple (241), 2-quart tin pails coated inside and out with 
Yesistant varnish and suspended on poles about 20 fcet above tho street level. 
Tis method does not sample the air but permits an cstimato of the quantity oz 
dust that settles on the surface of the water. 
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Gravity settling methods, in general, do not indicate just how much dust 
a given sample of air contains but aid in estimating the amount of dust falling 
On and adnering to a given surface, either oiled, wetted, or dry, in a given 
~eriod. 


Green (242) describes accurate sedimentation methods for determining 
the nunber and size-frequency of particles in dust clouds. The containing 
vessel for tue sedimentation cell is a brass cylinder 5 cm deep, and 5.6 cm 
in diameter; it can be closed at the top by a swivel lid and at tae bottom by 
@ brass slide in which two 4~inch coverslips are mounted, thus enabling a 
*nomm volume of cloud to be trapped in an airtight space. The coverslips 
are slipped into holes in the underside of the slide and lie almost flush 
with its upper surface, being pressed firmly against a narrow rim at the top 
by means of ebonite disks held in yosition by swivel springs. 


The instrument may be operated either directly by hand or indirectly from 
outside a dust chamber. In the first instance it is waved, with the axis of 
the cylinder vertical, up and down through the air; when a representative 
sample of air has been entrained the lid and slide are pushed over the ends 
and the cylinder left in a vertical position 1 to 3 hours. In the second in- 
stance the instrument is fixed in the dust chamber to permit free access of 
air to the cylinder, and the dusty eir is circulated through it by an electric 
“an placed horizontally underneath. The lid and slide are pulled into place 
from outside the chamber by suitable strings. The lower limit of particle 
diameter detectable by this method is about 0.2 micron. 


Green (242) emphasizes that the methods described are intended for re- 
search, for measurements of dust in fairly high concentration, not for routine 
or long-poriod estimations. The methods also provide a simple and accurate 
means of testing in the laboratory the efficiency of dust-sampling apparatus. 
“hey are most suitable for clouds containing not less than 1,000 particles 
per cubic centimeter, although they can be extended to clouds containing not 
less than 100 particles per cubic centimeter; they cover the whole size range 
down to O.c2-micron diameter. Green also describes methods for counting the 
particles under a microscope of higk resolving power and for determining rapid- 
ly the size-frequency of particles by a comparator. 


In an article on recent developments in methods of sampling dust Green 
(209) said that it is somewhat disconcerting to find in the literature dealing 
with the hazard due to mineral dusts a general lack of information about the 
intrinsic nature of the dusts as they exist in the air. He attributes this 
to the lack until recent years of accurage methods for gaining this information, 
although it is true that many data have been accumulated as a result of deter- 
Linations with field instrumcnts, but the value of these figures must be dis- 
counted owing to inherent defects in the instruments themselves. He gives a 
critical review of the available instruments and a method of testing them, in- 
Cluding a method of generating in the laboratory dust clouds similar to those 
found in industry. Taree types of insirments were selected for testing--the 
Greenburg-Smith imninger, the "standard United States instrument": the konimeter, 
‘n gencral use in South Africa; and the Owens jet dust counter, often used in 
Zngland and many other countries. Ee concludes that none of these instruments 
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vould give accurate date about either the number or size-frequency of par- 
ticles in dusts, nor could tuey be used for fundamental work, and for con- 
Parative work they would need very careful preliminary calibration in the 
laboratory afainst dust of Similar character to those found in the industry 
undor investigation. He and his coworker Watson developed a modified thermel 
precipitator which they claim satisfies most of the requirements of a standard 
instrument for both fundamental and comparative work; it yields accurate in- 
formation about tae number of particles and their size frequency and, toa 
certain extent, about their shape. A fundamental investigation would also 
Tequire that the nature of the particles be determined quantitatively; the 
thermal precipitator records can be mounted for petrological examination, but 
Owing to the difficulty of ldentifying the nature of particles below about 2 
microus in diameter this part of the problem still awaits solution. 


Hlectrostatic Methods 


The fact that electrically charged bodies in an electric field tend to 
migrate to one of the electric poles has long been known (176). This prin- 
Ciple of the precipitation of suspended matter by electricity has been ap- 
plied commercially to the collection of industrial dusts by Cottrell (243), 
who reduced to ongineering practice the fundamental processes developed by 
Carlier investigators; adaptation of the Cottrell process to determination of 
dust in air is under consideration by engincers interested in dust control. 
In 1919 Bill (244) reported the use of the electrostatic method for sampling 
dust in air. The essential feature of this instrument is a collecting 
Clectrode, consisting of a metal tube, and an fonizing electrode. The dust 
Particles are charged by the ionizing electrode and travel to the collecting 
electrode, where they are deposited. The collection systom, however, is only 
& small part of tho complete apparatus. In addition, it includes a high- 
tension transformer, a rectifying device for the high-potential alternating 
Secondary current, a source of alternating current to excite the transformer, 
and a pump or fan for passing the air to be studied through the electrically 
Charged field. s 


In 1923 Drinxer, Thompson, and Fitchet (245) described a greatly simpli- 
fied form of electrostatic apparatus having a dust-removal efficiency of 
nearly 100 percent. In 1925 Drinker and Thompson again simplified this ap- 
Paratus (246). Current is supplied by four alkali storage cells, from wnicn 
both the precipitator and suction-fan motor derive the necessary current. 

The entire apparatus weighs approximately 13 pounds and appears to be an in- 
Strument with considerable practical application (176). 


Resistance 


This method makes use of the fact that the resistance of a filtering 
medium increases as its pores become filled with dust. The apparatus, know 
as the "Anderson and Armspach Dust Deterninator" (245), consists of a holder 
in which a piece of filter paper or other porous fabric is Clamed. Air is 
_Grayn through the paper at a constant rate and the difference of pressure be- 
tvreen the two sides of the paper is detemnined by a U tube, the arms of whick 
Open into the holder, one on each side of the paper. The manometer reading 


2332 ~LO6- 


Google 


I.C. 6840 


indicates the difference of pressure e“isting between the two sides of the 
filter. As the paper clogs more pressure is roqured to keep the air passing 
at the saine rate, and the manometer reédinug increases. This instrument was 
developed for use in testing air washers by the research laboratory of the 
American Society of Eeatirg and Ventilating Imgineers. It has no hygienic 
purpose because it gives no information on particle gize anc quantity of dust 
encountered. The correlation between the actual dust content of the air and 
the resistance to passage throuzh a filter paper would entail considerable 
time and arduous labor, if it could be done at all. 


Impinging Methods 


Another method impinges a definite sample of air on a prepared surface. 
This apparatus has the advantage that a definitely knomm volume of air is 
sampled, and by the velocity of the impact a greater percentage of the dust 
is caught and may be estimated. Numerous variations of impinging the air on 
prepared surfaces have been developed, most of which have not been highly ef- 
ficient. : 


Konimeter.--In 1916 Kotze (248) called attention to an instrument which 
he called the konimeter, This consists of a chamber, one side of which is 
@ vaseline-coated glass plate, and an impinging orifice, which is perpendic- 
ular to the slide. The air is sucked out of the chamber by & cylinder and @ 
spring-actuated piston. The only means of ingress of air is through the im- 
pinging orifice, and when the air enters the chamber at high velocity in this 
manner the dust is deposited in the form of a spot on the greased plate. The 
dust may be counted under the microscope, using @ ruled eyepiece. The method 
of examining korimeter dust spots by opaque illuminution, as practiced until 
recently in South Africa (249), not only gave unreliable but also misleading 
results and has been replaced by examination of the dust spots under transmit- 
ted polarized light. 


Hill dust counters.--Hill (214) devised two forms of dust sampling de- 
vices that use the impingement principle. The first, the photographic dust 
counter, consists of a metal frame supporting a metal funnel at one end and 
at the opposite end @ photographic plate holder. An anemometer is placed in 
the funnel-shaped opening and a moistened photographic plate in the plate 
holder at the opposite end. Air is forced through the anemometer against the 
plate. Arter the usual photographic development the particles on the plate 
may be counted directly, or a print may be made and the particles enumerated. 
This method obviously has the same disadvantages as the other low-velocity 
impingement methods, to which is added the error introduced by the use of 
the photographic method. 


Fill's (214) second instrument of the impinger type consists of a hand- 
actuated piston moving in an air cylinder, the only inlet to which is a nozzle 
one eighth inch in diameter. In front of this nozzle and fixed only @ short 
distance from it is a microscope cover coated with an adhesive preparation. 
Woen the piston is drawn out a jet of air is impinged on the prepared slide, 
which catches the dust. By using 6 slides in series Hill found that the first 
slide caught only 62 percent of the dust. He assumed, however, that all the 
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dust was caught by the 6 slides, an assumption considered fallacious. This 
instrument is similar to the Kotze konimeter. Comparatively high velocity is 
necessary for deposition of dust in this manner. 


Impinger dust-sampling apparatus.--In a comparative study by the United 
States Bureau of Myjnes and the United States Pyblic Health Service (250) the 
dust-catching efficiency of the impinger was found to be high. Consequently 
its physical principles and characteristics were made the object of a special 
study; as a result a relatively satisfactory and fairly practical form of 
dust-sampling instrument, based on this principle, has been evolved (251). 
This device has the advantage of high dust-catching efficiency when air is 
sampled over the full range of dustiness (from relatively pure outdoor air to 
that found in very dusty coal-mining operations) at the relatively rapid rate 
of 28.3 liters (1 cubic foot) per minute. The dust is caught in a liquid 
medium in which it may be counted and analyzed microscopically, gravimetrically. 
and chemically (provided it is insoluble in water). Three forms of the in- 
strument are described: Electrically driven, compressed-air-driven, and & 
hand-actuated form. 


While using the impinger apparatus in a study of the hazards of rock 
drilling on building and subway construction work about New York City Fehnel 
(216) experienced difficulty in checking with the empirical method found ef- 
fective by the United States Public Health Service in its study of the 
granite industry. He consulted other technicians and found that some modified 
the light by tilting or shading the mirror; he therefore tried a modification 
of the illumination. Other investigators, manufacturers of microscopical 
equipment, and microscopists who were consulted agreed that the standard pro- 
cedure did not reveal the small particles, and the use of dark-field illumina- 
tion was essential. Various combinations of magnifications and dark~field 
illuminations were demonstrated at Saranac Lake in April 1932, using a 
specially prepared silica dust of Gmicron average size. It was decided at 
that time that the various agencies interested would employ both light- and 
dark-field methods in studying various industrial dusts. So far, according 
to Fehnel (216), no attempt has been made to correlate the findings collec- 
tively. Two comprehensive studies employing both methods of counting showed 
a fair, consistent relation between counts on the same types of dust, so that 
it is possible to establish a conversion factor. The modified method has 
proved that technicians can check fairly consistently their own and others' 
counts on the same samples; moreover it reduces materially the time element 
necessary. 


Fehnel (216) also calls attention to the value of determining particle- 
size measurements with dust counts. His first metnod employed the filar 
micrometer, using a dry preparation mide by evaporating the sample collected 
in the impinger and examining under oil immersion. As such a procedure is 
vary laborious, Green's mcthod (252) of determining the particle size of paixt 
and rubber pigments was adopted; this method requires more operations but 
®liminates the possibility of becoming mechanical when doing routine work, &s 
is the case with the filar micrometer. I+ also speeds up materially the wer. 
of particle-size determinations. The percentage frequency of occurrence is 
plotted against particle size on Hazens! logarithmic paper, so that the curve 
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somes out a straight line, which makes it easy to interpolate. Fehnel (216). 

tates that the interesting facts found so far on particle sizes Gre that the 

yedian or 50 percent of the industrial dusts studied are in the l- to 3-micron 
size range and that 90 to 99 percent are less than 10 microns. 


~  Secording to Hatch and Thouwpson (253), the impinger technic has provided 
valuable assistance in the study of the dust hazard, but because of the con- 
‘siderable amount of apparatus involved and the skill required in the quanti-~ 
“ication of samples it is not entirely satisfactory for routine plant control. 
~iven @ standard of permissible dustiness with @ reasonable factor of safety, 
.t may even be sufficient for routine plant control to know whether the dusti- 
ess associated with a particular process ig above or below the standard; the 
“bility to obtain this information quickly is more important than the accuracy 
“f the determinations. As Mavrogordato (208) has pointed out, the plant 
-perator does not want precise dust counts but rather data on which he can act, 
-ecause of the skill required in operation of the apparatus or in "quantifi- 
‘ation" of samples or because of other undesirable characteristics, the im- 
inger, direct-vision konimeter, and other rapid methods of dust determination 
ere not considered entirely satisfactory for the average industrial plant, | 
new method developed by Hatch and Thompson (253) appears to have many de- 
irable features with respect to simplicity and rapidity in operation. dn 
“wens counter, modified to permit the collection of eight samples direct onto 
+ siagle glass slide, is used as the sampling instrument, and the "dust rib- 
sons" are quantitated by matching against a series of standard ribbons under 

; COMparison microscope. The method is calibrated in terms of the impinger. 
.t is intended for rapid, approximate dust determinations only and is not 
-roposed as a substitute for the impinger. It mst be calibrated at the out- 
et against that instrument, and the relationship should be checked from time 
.o time. Data obtained with tne Owens counter alone should not be regarded 

.§ constituting complete "legal" evidence of dust concentrations. As an 
adjunct to the impinger it may be used to measure the efficiency of dust-contro] 
_quipment. 

. Modified Zeiss konimeter.--Since dust diseases are due to the puysical 

_Y chemical action of certain dusts below a specific fineness it is desirable 
.O measure independently the content of the finest dust particles in suspen- 
sion in air without at the same time being burdened by the coarser and 
‘elatively harmless grains. This principle of selective dust estimation has 
deen applied in the Zeiss konimeter (254). In thie apparatus a sample of air 
.8 taken and all dust particles above a certain size are removed by filtration; 
che finest particles remaining in suspension are then deposited on a slide 

.n the usual way. The apparatus consists of the standard Zeiss konimeter, 
supplemented by a special air filter, and a small pump to aspirate air through 
the konimeter. The air enters the sampling unit at the filter, which con- 
tains a number of glass beads, and passes through a narrow jet. The sapling 
disk is the same as in the original Zciss konimeter, a glass disk secured in 
a ring, which can be turned about the konimeter to the 30 sections on the 
8lide opposite the sampling jet in succession; up to 30 individual samples 
Can thus be taken without dismantling or readjusting the whole apparatus. 

The electric motor is of standard design and can be run from batteries or 


from a direct-current supply. 
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The dust s@mples are examined in the usual vay under a microscope, all 
particles teing visible at the outset. Arter a preliminary examination a 
drop of tetralin added to the sample renders the quartz particles invisible, 
as their refractive index is virtually identical with that of tetralin. By 
& differential count it is possible to estimate the quartz content of a dust 
sample. The article mentions taat this apparatus hus been exhaustively 
tested in various dust researches in Europe and found to give reliable and 
reproducible results. ; 


Comparative tests made with the Kotze and Zeiss instruments (255) under 
identical conditions revealed that the Zeiss has an efficiency 50 percent 
higher than the Kotze; therefore, in mking determinations with the Zeiss 
konimeter the limit of safe concentration is increased from 300 to.450 par- 
ticles per cubic centimeter. 


Photometric estimation of konimeter dust samples.--In the November 1934 
issue of Mining Magazine Franks and Tresidder (256) described a rapid photo- 


metric method of estimating the dust collected on treated konimeter slides; 
this method retains all the advantages of the konimeter and at the sane tine 
overcomes certain disadvantages--notably, those associated with counting the 
material in the dust spot. Counting is arduous and time-consuming; pnoto- 
metric estimations can be made in about one tenth the time required to count 
an average spot. Furthermore, according to Frank and Tresidder (256), the 
counting method is a purely arbitrary measure of the dangerousness of dusty 
@ir; equal value is placed on each particle, regardless of its size or 
Siliceous nature. The photometric values are most sensitive to the sige range 
that is most dangerous; this method also tends to differentiate the particles 
by giving high value to quartz and largely obviates errors in counting due 

to sector sampling, aggregation, fatigue, and personal error. The estimable 
range of dust concentration is extended to include dust concentrations found 
in blasting. Suck a method should readil; give data which, when correlated 
with clinical findings, should lead to a better identification of the dust 
hazard, 


Physiological Methods 


In addition to the above methods of determining tne quantity and compo- 
sition of dusts that occur in miny industrial occupations it is important to 
distinguish those capable of causing pneumoconiosis, The obvious way to de- 
termine whether a substance can affect the human lung is to test its action 
on the lungs of animals, but according to Kettle (257), this method is not 
altogetner satisfactory as it is laborious, expensive, and, above all, time- 
consumin;. Whatever the technic employed for the introduction of dust into 
the lungs, @ll who have worked on experimental pneumoconiosis agree that the 
end lesion--the characteristic fibrotic nodule--cannot be produced in a fev 
days or weeks but only in periods meusurable in years rather than months; 
tue method therefore has little value as a practical test. Kettle (257) di- 
Vides tue constituents of occupational dust into tw groups--the active and 
the inert--according to their behavior when injected into the subcutaneous 
tissues; this grouping corresponds with clinical and industrial experience, 
The active dusts cause an acute inflammation with necrosis of tissue and 
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subsequent fibrosis, whereas the inert dusts give rise to nothing more than a 
mild and transient reaction. Further, if animals in which such lesions have 
been produced are infected intravascularly with tubercle bacilli clear evidence 
is obtained that the active dusts determine a local settlement and prolifera- 
tion of the bacilli out of all proportion to that seen in the tissues generally 
and in the reactions surrounding the inert dusts. This technic provides a 
method for testing the capacity of a dust to modify an infection; however, 
Kettle (257) states that the claim that it tells whether the same substance 

can produce fibrosis of the lung is perhaps less legitimate, as there is an 
obvious difference between the injection of a substance into the tissues, 

with all the traum— involved, and its introduction into the lungs by the 
natural routes. He has found, however, that particulate matter suspended in 
normal saline may be injected directly into the lungs through the trachea 
without producing undue traum@ to the pulmonary tissues. Particles intro- 
duced into the lungs in this way are picked up by phagocytes just as are the 
particles of dust inhaled in the air, and in due course some of the dust 
containing phagocytes reach the extrapulmonary lymph nodes. In human silicosis 
the earliest lesions are found in the root glands as the result of this pro- 
cess; the same is true in experimental pneumoconiosis. It does not matter 

how the dust reaches the lungs: although the mode of introduction possibly 

may have some relation to pulmonary lesions obviously it can have no influence 
on the glandular deposits produced entirely by natural means. 


Kettle (257) found in his experiments a striking difference in the re- 
actions occurring in the extrapulmonary lymph nodes according to whether the 
material introduced into the lungs was an active or an inert dust. If the 
injected dust was inert it remained in the substance of the pulmonary lymph 
nodes without causing tissue reaction and without exciting the attention of 
other phagocytic cells. If the dust was active, as soon as it was liberated 
by the death of the phagocyte it was ingested by fresh cells which appeared 
in such numbers as to disorganize completely the structure of the node. This 
activity was progressive and eventually led to the formation of the character- 
istic acellular nodule, although it might take a year or more. However, 
Kettle found it was necessary to wait for the end lesion to form in the lymph 
nodes before he could reach a conclusion regarding the nature of the dust; 
within 3 months a microscopic examination revealed such significant changes 
as to make diagnosis possible. The Colliery Guardian (258) points out that 
application of the method on a large scale might result not only ina definite 
preliminary classification of dusts but in the establishment of standards by 
which any samples could be tested. 


In an investigation of the cellular response of lymph nodes to various 
dust suspensions introduced into lymphatics Stuber (259) found that cellular 
response of the lymph nodes to the injection of dusts containing considerable 
free silica is essentially different from that to other particulate material, 
the latter being phagocytosed only by normal lymph phagocytes. Some silicates 
produced a stimulation at the beginning with later slight changes in the cyto- 
Plasmic structure of the host cells. He described the response of the phago- 
cytic system of lymph nodes to the injection of silica and the characteristics 
of the silica-containing phagocytes; these are identified biologically as 
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modified endothelial lymph phagocytes. The silica-containing cells lose mich 
of their phagocytic power toward other particulate matter. Phagocytes that 
answer the description of the silica-containing cells in lymph nodes as pro- 
duced in these experiments could be found in air spaces in cases of experi- 
mental as well as industrial silicosis of the lungs. It appears possible that 
the lymph=node injection method may be developed into a rapid means of deter- 
mining the toxicity of certain dusts. 
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